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THE ATOMIC THEORY." 


ONE hundred years ago, on October 21, 
1803, John Dalton gave this society the first 
announcement of his famous atomic theory. 
It was only a slight preliminary notice, a 
mere note appended to a memoir upon an- 
other subject, and it attracted little or no 
attention. In 1804 Dalton communicated 
his discovery to Dr. Thomas Thomson, who 
at once adopted it in his lectures, and in 
1807 gave it still wider publicity in a text- 
book. A year later Dalton published his 
‘New System of Chemical Philosophy,’ and 
since then the history of chemistry has 
been the history of the atomic theory. To 
celebrate Dalton’s achievement, to trace 
its influence upon chemical doctrine and 
discovery, is the purpose of my lecture. It 
is an old story, and yet a new one; for 
every year adds something to it, and the 
process of development shows no signs of 
nearing an end. A theory that grows, and 
is continually fruitful, can not be easily 
supplanted. Despite attacks and criticisms, 
Dalton’s generalization still holds the field ; 
and from it, as from a parent stem, spring 
nearly all. the other accepted theories of 
chemistry. 

Every thought has its ancestry. Let us 
briefly trace the genealogy of the atomie 
theory. In the very beginnings of phi- 

* The Wilde lecture before the Manchester Philo- 
sophical Society, delivered May 19, 1903. 
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losophy men sought to discover the nature 
of the material universe, and to bring unity 
out of diversity. Is matter one thing or 
many? Is it continuous or discrete? These 
questions occupied the human mind before 
recorded history began, and their vitality 
can never be exhausted. Final answers 
may be unattainable, but thought will fly 
beyond the boundaries of knowledge, to 
bring back, now and then, truly helpful 
tidings. 

To the early Greek philosophers we 
must turn for our first authentic state- 
ments of an atomic theory. Other thinkers 
in older civilizations, doubtless, went be- 
fore them; perhaps in Egypt or Babylonia, 
but of them we have no certain knowledge. 
There is a glimpse of something in India, 
but we can not say that Greece drew her 
inspiration thence. For us Leucippus was 
the pioneer, to be followed later by Democ- 
ritus and Epicurus. Then, in lineal sue- 
cession, came the Roman, Lucretius, who 
gave to the doctrine the most complete 
statement of all. In the thought of these 
men the universe was made up of empty 
space, in which swam innumerable atoms. 
These were inconceivably small, hard par- 
tictes of matter, indivisible and indestruct- 
ible, of various shapes and sizes, and con- 
tinually in motion. From their movements 
and combinations all sensible matter was 
derived. Except that the theory was purely 
qualitative and -non-mathematical in form, 
it was curiously like the molecular hypoth- 
esis of ‘modern physics, only with an abso- 
lute vacuum where an intermediary ether 
is now assumed. This notion of a vacuum 
was repellant to many minds; to conceive 
of a mass of, matter so small that there 
could be none smaller was unreasonable; 
and hence there arose the interminable con- 
troversy between plenists and atomists 
which has continued to our own day. It 
is, however, essentially a metaphysical con- 
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troversy, and some writers have ascribed 
it to a peculiar distinction between two 
classes of minds. The arithmetical thinker 
deals primarily with number, which is, in 
its nature, discontinuous, and to him aq 
material discontinuity offers no difficulties. 
The geometer, on the other hand, has to 
do with continuous magnitudes, and a lim- 
ited divisibility of anything in space is not 
easy for him to conceive. But be this as 
it may, the controversy was one of words 
rather than of realities, and its intricacies 
have little interest for the scientific student 
of to-day. It is always easier to reason 
about things as we imagine they ought to 
be, than about things as they really are, 
and the latter procedure became practicable 
only after experimental science was pretty 
far advanced. The Greeks were deficient in 
physical knowledge, and, therefore, their 
speculations remained speculations only, 
mere intellectual gymnastics of no direct 
utility to mankind. They sought to de- 
termine the nature of things by the exer- 
cise of reason alone, whereas science, as 
we understand it, being less confident, seeks 
mainly to coordinate evidence and to dis- 
cover the general statement which shall 
embrace the largest possible number, of ob- 
served relations. The man of science may 
use the metaphysical method as a tool, but 
he does so with the limitations of definite, 
verifiable knowledge always in view. In- 
tellectual stimulants may be used tem- 
perately, but they need not be discarded 
altogether. 

From the time of Lueretius until the 
seventeenth century of our era, the atom- 
istic hypothesis received little serious at- 
tention. The philosophy of Aristotle gov- 
erned all the schools of Europe, and 
scholastic quibblings took the place of real 
investigation. All scholarship lay under 
bondage to one master mind, and it was not 
until Galileo let fall his weights from the 
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jeaning tower of Pisa that the spell of the 
Stagirite was broken. Experimental sci- 
ence now came to the fore, and it was 
seen that even Aristotelian logic must 
verify its premises. The authority of evi- 
dence began to replace the authority of the 
schools. 

Early in the seventeenth century the 
atomie philosophy of Epicurus was revived 
by Gassendi, who was soon followed by 
Boyle, by Newton and by many others. 
One other important step was taken also. 
Boyle, in his ‘Seeptical Chymist,’ gave the 
first scientifie definition of element, a con- 
ception which was more fully developed by 
Lavoisier later, but which received its com- 
plete modern form only after Davy had 
decomposed the alkalies and shown the true 
nature of chlorine. Without this prelimin- 
ary work of Boyle and Lavoisier, Dalton’s 
theory would hardly have been possible. 
An elementary atom can be given no real 
definition unless we have some notion of 
an element to begin with. But the strong- 
est impulse came from Newton, who ac- 
cepted atomism in clear and unmistakable 
terms. Coming before Newton, Descartes 
had rejected the atomic hypothesis, holding 
that there could be no vacuum in the uni- 
verse, and making matter essentially syn- 
onymous with extension. True, Descartes, 
in his famous theory of vortices, imagined 
whirling particles of various degrees of 
fineness; but they were not atoms as 
atoms and molecules are now conceived. 
It may be dangerous ‘to pick out landmarks 
in history and to assert that such and such 
a movement began at such and such a time. 
Nevertheless, we may fairly say that the 
turning point in physical philosophy was 
Newton’s diseovery of gravitation, for that 
indicated mass as the fundamental prop- 
erty of matter. For any given portion of 
matter which we can segregate and identify, 
extension is variable and mass is constant; 
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when that conclusion was established, the 
dominance of atomism became inevitable. 
Boyle, Newton and Lavoisier were legiti- 
mate -precursors of Dalton, but whether 
Boscovich should be so considered is more 
than doubtful. His points of force were too 
abstract a conception to admit of direct 
application in the solution of real prob- 
lems. Dalton certainly owed nothing to 
Boscovich, and would just as surely have 
developed his theory had the brilliant Dal- 
matian never written a line. 

To Boyle and Newton the atomic hypoth- 
esis was a question of natural philosophy 
alone; for, in their day, chemistry, as a 


quantitative science, had hardly begun to . 


exist. Attempts were soon made, however, 
to give it chemical application, and the 
first of these which I have been able to find 
was due to Emanuel Swedenborg. This 
philosopher, whose reputation as a man of 
science has been overshadowed by his fame 
as a seer and theologian, published in 1721 
a pamphlet upon chemistry, which is now 
more easily accessible in an English trans- 
lation of relatively recent date.* It con- 
sists of chapters from a larger unpub- 
lished work, and really amounts to nothing 
more than a sort of atomic geometry. 
From geometric groupings of small, con- 
crete atoms, the properties of different sub- 
stances are deduced, but in a way which is 
more curious than instructive. Between 
the theory and the facts there is no ob- 
vious relation. The book was absolutely 
without influence upon chemical thought 
or discovery, and, therefore, it has escaped 
general notice, It is the prototype of a 
class of speculative treatises, considerable 
in number, some of them recent, and all 
of them futile. They represent efforts 
which were premature, and for which the 


**Some specimens of a work on the Principles 
of Chemistry with other treatises.’ London, 
1847. Originally published at Amsterdam, in 
Latin. 
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fundamental support of experimental 
knowledge was lacking. 

In 1775, Dr. Bryan Higgins, of London, 
published the prospectus of a course of lec- 
tures upon chemistry, in which the atomic 
hypothesis was strongly emphasized. It 
was still, however, only an hypothesis, 
quite as ineffectual as Swedenborg’s at- 
tempt, and it led to nothing. Dr. Higgins 
recognized seven elements; earth, water, 
alkali, acid, air, phlogiston and light; each 
one consisting of ‘atoms homogeneal,’ 
these being ‘impenetrable, immutable in 
figure, inconvertible,’ and all ‘globular, or 
nearly so.’ He speculated upon the at- 
tractions and repulsions between these 
bodies, but he seems to have solved no prob- 
lem and to have suggested no research. 
William Higgins, on the other hand, whose 
work appeared in 1789, showed more in- 
sight into the requirements of true science, 
and had some notions concerning definite 
and multiple proportions. His concep- 
tion of atomic union to form molecules was 
fairly clear, but the distinct statement of a 
quantitative law was just beyond his reach. 
In 1814, however, when Dalton’s discov- 
eries were widely known and accepted, 
Higgins published a _ reclamation of 
priority.* In this, with much bitterness, 
he claims to have completely anticipated 
Dalton, a claim which no modern reader 
has been able to allow. In Robert Angus 
Smith’s ‘Memoir of John Dalton and His- 
tory of the Atomic Theory,’+ the work of 
Bryan and William Higgins is quite thor- 
oughly discussed, and, therefore, we need 
not consider the matter any more fully 
now. We see that atomic theories were 
receiving the attention of chemists long 


* ‘Experiments and Observations on the Atomic 
Theory and Electrical Phenomena.’ By William 
Higgins, Esq., ete., Dublin, 1814. 

+ Memoirs of the Literary and Philosophical 
Society of Manchester, Second Series, Volume 13, 
1856. 
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before Dalton’s time, although none of 
them went much beyond the speculative 
stage, or was given serviceable form. They 
were dim foreshadowings of science; noth- 
ing more. 

In order that a new thought shall be 
acceptable, certain prerequisite conditions 
must be fulfilled. If the ground is not pre. 
pared, the seed can not be fruitful; if men 
are not ready, no harvest will be reaped. 
Only when the time is ripe, only when long 
lines of evidence have begun to converge, 
can a new theory command attention. 
Dalton’s opportunity came at the right 
moment, and he knew how to use it well. 
Elements had been defined; the constancy 
of matter was established ; pneumatic chem- 
istry was well developed, and great num- 
bers of quantitative analyses awaited in- 
terpretation. The foundations were ready 
for the master builder, and Dalton was 
the man. His theory could at once be 
tested by the accumulated data, and when 
that had been done it was found to be 
worthy of acceptance. 

It is not my purpose to discuss in detail 
the processes of Dalton’s mind. The story 
is told in his own note-books, which have 
been given to the public by Roscoe and 
Harden,* and it has been sufficiently dis- 
eussed by others. We now know that 
Dalton was thoroughly imbued with the 
corpuscular ideas of Newton, and that, 
when studying the diffusion of gases, he 
was led to the belief that the atoms of 
different substances must be different in 
size. Upon applying this hypothesis to 
chemical problems, he discovered that these 
differences were in one sense measurable, 
and that to every element a single, definite, 


** A New View of the Origin of Dalton’s Atomic 
Theory,’ etc. By Sir Henry E. Roscoe and Arthur 


Harden. London, 1896. 

See also Debus, in Zeits. Physikal. Chem., Bd. 
20, p. 359, and a rejoinder by Roscoe and Harden 
in Bd. 22, p. 241. 
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combining number, the relative weight of 
its atom, could be assigned. From this, the 
law of definite proportions logically fol- 
lowed, for fractions of atoms were inadmis- 
sible; and the law of multiple proportions, 
which Dalton worked out experimentally, 
completed the generalization. The concep- 
tion that all combination must take place 
in fixed proportions was not new, and, in- 
deed, despite the objections of Berthollet, 
was generally assumed; but the atomic 
theory gave a reason for the law and made 
it intelligible. The idea of multiple propor- 
tions had also occurred, although incom- 
pletely, to others; but the determination 
of atomie weights was altogether original 
and novel. The new atomic theory, which 
figured chemical union as a juxtaposition 
of atoms, coordinated all of these relations, 
and gave to chemistry, for. the first time, 
an absolutely general quantitative basis. 
The tables of Richter and Fischer, who 
preceded Dalton, dealt only with special 
cases of combination, but they established 
regularities which rendered easier the ac- 
ceptance of the new and broader teachings. 
The earlier atomie speculations were all 
purely qualitative, and incapable of exact 
application to specific problems; Dalton 
created a working tool of extraordinary 
power and usefulness. Between the atom 
of Lucretius and the Daltonian atom the 
kinship is very remote. 

Dalton was not a learned man, in the 
sense of mere erudition, but perhaps his 
limitations did him no harm. Too much 
learning is sometimes in the way, and clogs 
the flight of that imagination by which the 
greatest discoveries are made. The man 
who could not see the forest because of the 
trees was a good type of that scholarship 
which never rises above petty details. It 
may compile encyclopedias, but it can not 
generalize. In some ways, doubtless, Dal- 
ton was narrow, and he failed to recognize 
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the improvements which other men soon 
introduced into his system. The chemical 
symbols which he proposed were soon sup- 
planted by the better formule invented by 
Berzelius, and his views upon the densities 
of gases were set aside by the more exact 
work of Gay Lussac, which Dalton never 
fully appreciated. As an experimenter he 
was crude, and excelled by several of his 
contemporaries; his tables of atomic 
weights, or rather equivalents, were only 
rough approximations to the true values. 
These defects, however, are only spots upon 
the sun, and in no wise diminish his glory. 
Dalton transformed an art into science, 
and his influence upon chemistry was never 
greater than it is to-day. The truth of 
this statement will appear when we trace, 
step by step, the development of chemical 
doctrine. The guiding clue, from first to 
last, is Dalton’s atomic theory. 

Although Dalton first announced his 
theory in 1803, the publication of his ‘Sys- 
tem’ in 1808 marks the culmination of his 
labors. The memorable controversy be- 
tween Proust and Berthollet had by this 
time exhausted its force, and nearly all 
chemists were satisfied that the law of def- 
inite or constant proportions must be true. 
The idea of multiple proportions was also 
easily accepted; and as for the combining 
numbers, they, after various revisions, came 
generally into use. The atomic conception, 
however, made its way more slowly, for 
the fear of metaphysics still governed 
many acute minds. Davy especiaily was 
late in yielding to it, but in time even his 
conversion was effected. Thomson, as we 
have already noted, was the earliest and 
most enthusiastic disciple of the new sys- 
tem, and Wollaston, although cautiously 
preferring the term ‘equivalent’ to that of 
atomic weight, made useful contributions 
to the theory. These names mark the 

















518 


childhood of the doctrine, before its vigor- 
ous growth had thoroughly begun. 

The development, of the atomic theory 
followed two distinct lines, the one chem- 
ical, the other physical, in direction. On 
the chemical side the leader was Ber- 
zelius, who began in 1811 the publication 
of his colossal researches upon definite pro- 
portions. At first he seems to have been 
influenced by Richter rather than by Dal- 
ton, but that bias was only temporary. 
For more than thirty years Berzelius con- 
tinued these labors, inventing symbols, es- 
tablishing formule and determining atomic 
weights. He, above all other men, made 
the atomic theory applicable to general 
use, a universal tool suited to practical 
purposes. Turner, Penny, Erdmann and 
others did noble work of the same order, 
but Berzelius overshadowed them all. 
Throughout his long career he was almost 
the dictator of chemistry. 

It was on the physical side, however, that 
the theory of Dalton was most profoundly 
modified. First came the researches of 
Gay Lussac, who in 1808 showed that com- 
bination between gases always took place in 
simple relations by volume, and also that 
all gaseous densities were proportional 
either to the combining weights of the sev- 
eral substances, or to rational multiples 
thereof. In 1811 Avogadro generalized the 
new evidence, and brought forward the 
great law which is now known by his name. 
Equal volumes of gases, under like con- 
ditions of temperature and pressure, con- 
tain equal numbers of molecules, Mass and 
volume were thus covered by one simple 
expression, and both were connected with 
the weights of the fundamental atoms. 
Avogadro, moreover, distinguished clearly 
between atoms and molecules, a distinction 
which is of profound importance to chem- 
istry, although it is not always properly ap- 
preciated by students of physics. The 
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molecule of to-day, which is usually, but 


_ not always, a cluster of atoms, is identical 


with the atom of the pre-Daltonian phi- 
losophers; while the chemical unit repre. 
sents a new order. of divisibility which the 
ancients could never have imagined. A 
molecule of water was easily conceived by 
them, but its decomposition into smaller 
and simpler particles of oxygen and hy- 
drogen, the chemical atoms, was far beyond 
the range of their knowledge. That the 
distinction is not always borne in mind by 
physicists is illustrated by the fact that in 
Clerk Maxwell’s article ‘Atom,’ in the 
‘Encyclopedia Britannica,’ Dalton is not 
even mentioned, and that the phenomena 
there selected for discussion are molecular 
only. Maxwell was surely not ignorant of 
the difference between atoms and molecules, 
but his knowledge had not reached the 
point of complete realization. His thought 
was of molecules, and so Maxwell uncon- 
sciously neglected the real subject of his 
chapter, the atom. Of late years many es- 
says upon the atomic theory have been writ- 
ten from the physical side, and few of 
them have been free from this particular 
ambiguity. At first, a similar error was 
committed by chemists, who paid small at- 
tention to Avogadro’s law, and so the latter 
failed to exert much influence upon ehem- 
ical thought until more than forty years 
after its promulgation. The relation dis- 
covered by Dulong and Petit in 1819, that 
the specific heat of a metal was inversely 
proportional to its atomic weight, was more 
speedily aceepted; but even this law did 
not receive its full application until many 
years later. To apply either of these laws 


to chemical theory involved a clearer dis- 
crimination between atomic weights and 
equivalents than was possible at the be- 
ginning. A long period of doubt and con- 
troversy was to work itself out before the 
full foree of the physical evidence could be 
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appreciated. Mitscherlich’s researches upon 
isomorphism were more fortunate, and 
gave immediate help in the determination 
of atomie weights and the settlement of 
formule. For the moment we need only 
note that the chemical atom was the under- 
lying conception by means of which all 
these lines of testimony were to be unified. 

From Dalton and Gay Lussae to Frank- 
land and Cannizzaro was a time of fermen- 
tation, discussion and discovery. In chem- 
istry, contrary to the saying of the 
preacher, there were many new things under 
the sun, and some of the discoveries were 
most suggestive. First it was found that 
certain groups of atoms could be trans- 
ferred from compound to compound, al- 
most as if they were veritable elements; 
and radieles such as ammonium, tyanogen 
and benzoyl were generally recognized. I 
say ‘groups of atoms’ advisedly, for as 
such they were regarded, and they could 
hardly have been interpreted otherwise. 
Then came the discovery of isomerism; of 
the fact that two substances could be strik- 
ingly different, and yet composed of the 
same elements in exactly the same propor- 
tions. This was,only explicable upon the 
supposition that the atoms were differently 
arranged within the isomeric molecules, 
and it led investigators more and more to 
the study of chemical or molecular struc- 
ture. Without the atomic theory the phe- 
nomena would have been hopelessly be- 
wildering; with its aid they were easy to 
understand, and fertile in suggestions for 
research. Still another link in the chain 
of chemical reasoning was forged by Dumas, 
when he proved that the hydrogen of or- 
ganic compounds was often replaceable, 
atom for atom, by chlorine. Sometimes 
the replacement was complete, sometimes it 
was only partial, and the latter cases were 
the most significant. In acetic acid, for 
example, one, two. or three fourths of the 
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hydrogen could be successively replaced, but 
the last fourth was permanently ‘retained: 
Hydrogen, then, was combined. in. acetic 
acid in two different ways, one part yield- 
ing its place to chlorine, the other being 
unaffected. This behavior was soon found 
to be by no means exceptional; indeed, it 
was very common, and it opened a. new 
line of attack upon the problems of .chem- 
ical constitution. The existence of radicles; 
the formation of isomers, and the; substi- 
tution of one element by another, were facts 
which strengthened the atomic theory and 
seemed to be incapable of reasonable inter- 
pretation upon other terms. Their connec- 
tion with one another, however, was. not 
well understood, and wearisome discussions 
preceded their coordination under one gen- 
eral law. i en Mo 

With the tedious controversies which, dis. 
tracted chemists between 1830 and 1850, 
we have nothing now to do; they were im- 
portant in their day, but they do not. come 
within the scope of the present argument. 
Theory after theory was advanced, pros- 
pered for a time, and then decayed; and 
chemical literature is crowded with their 
fossil remains. Each one, doubtless, indi- 
cated an advance in knowledge, but. each 
one also exaggerated the importance . of 
some special set of relations, and so over- 
shot the mark. During this period, however, 
Faraday diseovered the law of electrolysis 
which is now known by his name, and 
the chemical equivalents were thereby given 
another extension of meaning. The electro- 
chemical theories of Berzelius had fallen to 
the ground, but Faraday’s law came asa 
permanent addition to the physical side 
of chemistry. 

During the sixth decade of the nine- 
teenth century, two important forward 
steps were taken. The kinetic theory of 
gases gave new force to Avogadro’s. law, 
and made its complete recognition by chem- 
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ists necessary. Atoms, molecules, equiva- 
lents and atomie weights needed to be more 
Sharply defined, and in this work many 
chemists shared. Berzelius had proposed a 
system of atomic weights which differed, 
except in the value taken for its base, but 
little from the one now in use. This was 
abandoned for a table devised by Gmelin, 
in which the laws of Avogadro and of Du- 
long and Petit were almost if not entirely 
ignored. Laurent and Gerhardt attempted 
to reform the system, but it was left for 
Cannizzaro, in 1858, to sueceed. By 
doubling some of the currently accepted 
atomie weights, order was introduced into 
the prevailing chaos, and the chemical con- 
stants were brought into harmony with the 
physical laws. The modern atomic weights 
and our present chemical notation may be 
dated from this time, even though the pre- 
liminary anticipations of them were neither 
few nor inconspicuous. 

The second great step forward was ac- 
complished through the labors of several 
men. Frankland and Kekulé were fore- 
most among them, but Couper, Odling, Wil- 
liamson, Wurtz and Hofmann all contrib- 
uted their share to the upbuilding of a 
new chemistry, of which the doctrine of 
valency was the cornerstone. A new 
property of the chemical atom was brought 
to light, and structural or rational formule 
became possible. Each atom was shown to 
have a fixed capacity for union with other 
atoms, a capacity which could be given nu- 
merical expression ; and from this discovery 
important consequences followed. An 
atom of hydrogen unites with one other 
atom only; the atom of oxygen may com- 
bine with two; that of nitrogen with three 
or five; while carbon has eapacity for four. 
All unions of atoms to atoms within a 


molecule are governed by conditions of this 
order, and the limitations thus imposed de- 
termine the possibilities of combination in 
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a given class of compounds. In organic 
chemistry the conception of valency has 
been most fruitful, and it has shown the 
prophetic power which is characteristic of 
all good theories. It explains radicles and 
isomers; it predicts whole classes of com- 
pounds in advance of their actual dis- 
eovery; and it has guided economie inves- 
tigations from which great industries have 
sprung. The former partial theories re. 
garding chemical constitution fell into their 
proper. places under the new generalization, 
for that was broad enough to comprehend 
them all. All constitutional chemistry de- 
pends upon this property of the atoms, 
and any other adequate foundation for it 
would be diffieult to find. 

I have said that the discovery of valency 
explained the phenomena of isomerism. 
Indeed, it enabled chemists to foresee the 
existence of new isomers, and it estab- 
lished the conditions under which such 
compounds could exist. And yet, in one 
direction at least, its power was limited, 
and substances were found which the theory 
could not interpret. Tartaric acid, for ex- 
ample, exists in two modifications, differing 
in erystalline form and in their action upon 
polarized light. One acid was dextrorota- 
tory, the other levorotatory, while a mix- 
ture of the two in equal proportions was 
neutral to the polarized beam, and gave no 
rotation at all. Their crystals exhibited a 
similar difference in the arrangement of 
certain planes, one set being right-handed, 
the other left-handed ; and each crystal re- 
sembled its isomer like a reflection in a mir- 
ror, alike, but reversed. For a long time 
this physical isomerism, as it was called, 
remained inexplicable, for the rules of va- 
leney gave to both molecules the same struc- 
ture, and offered no hint as to the cause vf 
the difference. Structural formule, how- 
ever, said nothing of the arrangement of the 
atoms in tridimensional space, and it was 
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soon suspected that the root of the diffi- 
culty was here. The mere linking of the 
atoms with one another could be repre- 
sented in a single plane, but that was ob- 
viously an imperfect symbolism. 

In 1874 van’t Hoff and Le Bel, working 
independently of each other, suggested a 
solution of the problem. One simple as- 
sumption was enough; merely that the 
quadrivalent carbon atom was essentially 
a tetrahedron, or, more precisely, that its 
four units of chemical attraction were ex- 
erted, from a common center, in the direc- 
tion of four tetrahedral angles. Atoms of 
that kind could be built up into structures 
in which right-handedness and left-handed- 
ness of arrangement appeared, provided 
only that each one was united with four 
other atoms or groups all different in na- 
ture. Stereo-chemistry was born, the 
anomalies vanished, and many new sub- 
stances showing optical and crystalline 
properties analogous to those of tartaric 
acid were soon prepared. The theory of 
van’t Hoff and Le Bel was fertile, and 
therefore it was justified; it interpreted 
another set of phenomena, but, in order to 
do so, something like atomic form had first 
to be assumed. It was only a new extension 
of Dalton’s atomic theory, but it has sug- 
gested a future development of extraor- 
dinary significance. If we can determine, 
not merely the linking of the atoms, but 
also their arrangement in space, we should 
be able, sooner or later, to establish a con- 
nection between chemical composition and 
crystalline form. The architecture of the 
molecule and the architecture of the crystal 
must surely, in some way, be related. But 
the problem is exceedingly complex, and 
we may have to wait many years before 
we reach its solution. The atomic theory 
still has room to grow. 

Let us now turn back in time, and con- 
sider another phase of our subject. In 
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1815 Prout. suggested that the atomic 
weights of all the elements were even mul- 
tiples of that of hydrogen. It was only 
a speculation on the part of Prout, and yet 
it led to important consequences, for it 
opened a discussion upon the nature of the 
chemical elements, and it pointed to hydro- 
gen as the primal matter of the universe. 
Prout’s hypothesis, therefore, became a 
subject of controversy ; it found many sup- 
porters and also many antagonists; but, 
fortunately, one aspect of it was capable 
of experimental investigation. Some of 
the most exact and elaborate determinations 
of atomic weight have been made with the 
direct purpose of testing the truth or 
falsity of Prout’s speculation, and scienc: 
thereby has been notably enriched. The 
marvelous researches of Stas, for instance, 
had this specific object in view. The ver- 
dict was finally unfavorable to Prout; at 
least, the best measurements fail to sup- 
port his idea; but it still has advocates who 
believe that the experimental data are viti- 
ated by unknown errors and that future 
investigations will reverse the decision. In 
science there is no court of last appeal. 
Prout’s hypothesis, then, stimulated the 
determination of atomic weights, and. so 
helped us to a more accurate knowledge of 
them. It also led to a search for other re- 
lations between these constants, and thus 
paved the way for important discoveries. 
Dobereiner, Kremers, Dumas, Pettenkofer, 
Cooke and many other chemists published 
memoirs upon this theme, but not one of 
them was general or conclusive.* Groups 
of elements were compared and relations 
were brought to light, but an exhaustive 
study of the question was hardly possible 
until after Cannizzaro had revised the 


* A very full account of these attempts is given 
in Venable’s book, ‘The Development of the Peri- 
odic Law.’ Published at Easton, Pennsylvania, 
in 1896. 
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atomic weights and indicated their proper 
values. 

In 1865, Newlands presented before the 
London Chemical Society a communication 
upon the law of octaves, in which he 
showed that the elements, when arranged 
in the order of their atomic weights, exhib- 
ited a certain regular recurrence of prop- 
erties. Unfortunately, his views were not 
given serious attention, and even met with 
ridicule, but they contained the germ of 
the great truth. It was reserved for the 
Russian, Mendeléeff, four years later, to 
completely formulate the famous periodic 
law. 

Mendeléeff arranged the elements in 
tabular form, still following the order of 
their atomic weights. A periodic variation 
of their properties, including the property 
of valency, at once became evident; and 
although the scheme was, and still is, open 
to some criticism, its importance could 
hardly be denied. In the table, certain 
gaps appeared, presumably belonging to 
unknown elements, and for three of these 
some remarkable predictions were made. 
The hypothetical elements were described 
by Mendeléeff, their atomic weights were 
assigned and their physical properties fore- 
told, and in due time the prophecies were 
verified. The three metals gallium, scan- 
dium and germanium haye since been dis- 
covered, and they correspond very closely 
with Mendeléeff’s anticipations. His gen- 
eral conclusion was that all of the physical 
properties of the chemical elements are 
periodic functions of their atomic weights, 
and this conclusion, I think, is no longer 
seriously doubted. The curves of atomic 
volumes and melting points which Lothar 
Meyer afterwards constructed give strong 
support to this view. 

The periodie system, then, gives to the 
numbers discovered by Dalton a much 
more profound significance than he ever 
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imagined, and is destined to connect a 
great mass of physical data in one general 
law. That law we now see, ‘as in a glass, 
darkly’; its complete mathematical expres- 
sion is yet to be found, but I believe that 
it will be fully developed within the near 
future. We may have a spiral curve to 
deal with, as in the schemes propesed by 
Stoney or by Crookes, or else_a vibratory 
expression like that suggested by Emerson 
Reynolds in his presidential address before 
the Chemical Society last year; but in some 
form the periodicity of the elements must 
be recognized, and one set of relations will 
eonnect them all. In the arrangement 
proposed by Reynolds the inert gases, the 
elements of zero valency, appear at the 
nodes of a vibrating curve, a circumstance 
which gives this method of presentation a 
peculiar foree. But for the consideration 
of physical properties the curves drawn by 
Lothar Meyer seem likely to be the most 
useful. In one respect, however, the peri- 
odie system is still defective; it fails to 
take adequately into account the numerical 
relations between the atomic weights, a 
phase of the problem which should not be 
ignored. Such relations exist; some of 
them have been indicated by your distin- 
guished fellow member, Dr. Wilde; and, 
elusive as they may seem to be, they are 
surely not meaningless. The final law must 
cover the entire ground, and then atomic 
weights, physical properties and valency 
will be completely correlated. . Prout’s 
hypothesis is discredited, and. yet it may 
prove to be a crude first approximation to 
some deeper truth, as the probability caleu- 
lations of Mallet* and of Strutt+ would 
seem to indicate. ~The approaches of the 
atomic weights to whole numbers are too 
close and too frequent to be regarded as 
purely accidental. But this is aside from 


* Phil. Trans., Vol. 171, 1881, p. 1003. 
t Phil. Mag. (6), 1, p. 311. 
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our main question. The real point to ndte 
is that the physical properties of the ele- 
ments are all interdependent, and that the 
fundamental constants are the atomic 
masses. 

Do I seem to exaggerate? Then look 
for a moment at the present condition of 
physical chemistry, and see how moderate 
my statements really are. We have not 
only the laws already mentioned, of Avo- 
gadro, of Dulong and Petit, of Faraday 
and of Mendeléeff, but also a multitude of 
relations connecting the physical constants 
of bodies with their chemical character. 
Even the wave-lengths of the spectral lines 
are related to the atomic weights of the 
several elements, as has been shown by the 
researches of Runge and his colleagues, of 
Rummel,* and of Marshall Watts.t If we 
try to study the specific gravity of solids 
or liquids, the only clues to regularity are 
furnished by the atomic ratios. Atomic 
and molecular volumes give us the only 
approximations to anything like order. 
Similarly, we speak of atomie and molec- 
ular refraction, of molecular rotation for 
polarized light, of molecular conductivity 
and the like. In Trouton’s law, the latent 
heat of vaporization of any liquid becomes 
a function of the molecular weight. And, 
finally, all thermochemical measurements 
are meaningless until they have been 
stated in terms of gram molecular 
weights; then system begins to appear. 
Chaos rules until the atomic or molecular 
weight is taken into account; with that con- 
sidered, the reign of order begins. 

Even to the study of solutions the same 
conditions apply. Substances in solution ex- 
ert pressure, and in this respect they closely 
resemble gases. Van’t Hoff has shown 
that equal volumes of solutions, having 
under like conditions equal osmotic pres- 


* Proc. Roy. Soc. Victoria, Vol. 10, part L., p. 75. 
t Phil. Mag. (6), 5, 203. 
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sures, contain equal numbers of molecules, 
and thus Avogadro’s gas law is curiously 
paralleled. The two laws are even equiva- 
lent in their anomalies. The abnormal 
density of a gas is explained by its dissdcia- 
tion, and the variations from van’t Hoff’s 
law are explicable in the same way: The 
theory of ionic or electrolytic dissociation, 
proposed by Arrhenius, shows that certain 
substances, when dissolved, are split up 
into their ions, and through this conception 
the analogy between gases and solutidnhs is 
made absolutely complete. The ions, how- 
ever, are atoms or groups of atoms; and 
just as Avogadro’s law is applied to the 
determination of molecular weights among 
gases, so van’t Hoff’s rules enable us ‘to 
measure the molecular weights ‘of sub- 
stances in solution. The atom, the mole- 
cule, and the molecular weight-enter into all 
of these new generalizations. In short, 
if we take the atomic theory out of chem- 
istry, we shall have little left but a-dust- 
heap of unrelated facts. | 

I have now indicated, briefly and in out- 
line only, the influence of the atomic theory 
upon the development of chemical thought. 
Details have been purposely omitted; the 
salient facts are enough for my purpose, 
and they make, at least for chemists, an 
exceedingly strong case. The convergence 
of the testimony is remarkable, and when 
we add to the chemical evidence that which 
is offered by physics, the theory becomes 
overwhelmingly strong. This side of the 
question I can not attempt to discuss; but 
I may in passing just refer to Professor 
Riicker’s presidential address before the 
British Association in 1901, which covers 
the ground admirably. The atomic theory 
has had no better vindication. 

And yet, from time to time, we are told 
that the theory has outlived its usefulness, 
and that it is now a hindrance rather than 
a help to science. Some of the objectors 
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are quite dogmatie in their utterances; 
some only seek to evade the theory, without 
going to the extreme of an absolute denial; 
and still others, more timid, assume an 
apologetic tone, as if the atom were some- 
thing like a poor relation, to be recognized 
and tolerated, but not to be encouraged too 
far. Now caution is a good thing, if it is 
not allowed to degenerate into indecision ; 
when that happens, mental obscurity is 
the result. In science we must have 
intellectual resting-places; something to 
serve as a foundation for our think- 
ing; something concrete and _ tangible 
in form. No theory is immune against 
hypercriticism; none is absolute and 
final; with these considerations borne 
in mind we may ask whether a doc- 
trine is serviceable or not, and we can use 
it without fear. When we say that matter, 
as we know it, behaves as if it were made 
up of very small, diserete particles, we do 
not lose ourselves in metaphysics, and we 
have a definite conception which can be 
applied to the correlation of evidence and 
the solution of problems. Objections count 
for nothing against it until something bet- 
ter is offered in its stead, a condition which 
the critics of the atomic theory have so far 
failed to fulfil. They give us no real sub- 
stitute for it, no other working tool, and so 
their objections, which are too often meta- 
physical in character, command little seri- 
ous attention. Criticism is useful, just so 
far as it helps to elarify our thinking; 
when it becomes a mere agent of destruc- 
tion it loses force. 

Broadly speaking, then, the modern 
critics of the atomic theory have shaken it 
but little. Still, some serious attempts 
have been made towards forming an alter- 
native system of chemistry, or at least a 
system in which the atom shall not avow- 
edly appear. The most serious, and per- 
haps the most elaborate of these devices 
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was that brought forward in 1866 by Sir 
Benjamin Brodie,* in his ‘Caleulus of 
Chemical Operations,’ which he defended 
later (1880) in a little book entitled ‘Ideal 
Chemistry.’ In this curious investigation, 
Brodie tries to avoid hypotheses and to 
represent chemical acts as operations upon 
the unit of space by which weights are gen- 
erated. This notion is a little difficult to 
grasp, but Brodie’s procedure: was per- 
fectly legitimate. His one fundamental 
assumption is that hydrogen is so generated 
by a single operation, and upon this he 
erects a system of symbols which, treated 
mathematically, lead to some remarkable 
conclusions. For instance, chlorine, 
bromine, iodine, nitrogen and phosphorus 
become compounds of hydrogen with as 
many unknown or ‘ideal’ elements, which 
no actual analysis has yet identified. That 
is, the known phenomena of chemistry 
seem to be less simply interpreted by 
Brodie’s calculus than in our commonly 
accepted theories, and certain classes of 
phenomena are not considered at all. It 
is true that Brodie never completed his 
work, but it is not easy to see how his nota- 
tion and reasoning could have accounted 
for isomerism, much less for the facts 
which stereochemistry seeks to explain. 
Just here we find the prime difficulty of 
all attempts to evade the atomic theory. 
Up to a certain point we can easily dis- 
pense with it, for we can start with the fact 
that every element has a definite combining 
number, and then, without any assumptions 
as to the ultimate meaning of these con- 
stants, we can show that other constants 
are intimately connected with them. So 
far, we can ignore the origin of the so 
called atomie weight; but the moment we 
encounter the facts of isomerism or chem- 
ical structure, and of the partial substitu- 
tion of one element by another, our troubles 


* Phil. Trans., 1866. A second part in 1877. 
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begin. The atomic theory connects all of 
these data together, and gives the mind a 
simple reason for the relations which are 
observed. We can not be satisfied with 
mere equations; our thought will seek for 
that which lies behind them; and so the 
anti-theorist fails to accomplish his pur- 
pose because he leaves the human mind out 
of account. The reasoning instrument has 
its own laws and requirements, and they, 
as well as the empirical observations of 
science, must be satisfied. Even in as- 
tronomy the law of gravitation is not 
enough; men are continually striving to 
ascertain its cause; and no number of fail- 
ures can prevent them from trying again 
and yet again to penetrate into the heart 
of the mystery. In the atomic theory the 
same tendency is at work, and the very 
nature of the atom itself, that thing which 
we can neither see nor handle, has become 
a legitimate subject for our questionings. 
Shall we, having gone so far, assume that 
we can go no farther? 

‘All roads lead to Rome.’ If we accept 
the atomic theory, we sooner or later find 
ourselves speculating about the reality of 
the atom, and at last we come face to face 
with the old, old problem of the unity or 
diversity of matter. We can, if we choose, 
employ the theory as a working tool only, 
and shut our ears to these profounder ques- 
tions; but it is not easy to do so. What is 
the chemical atom? Is all matter ulti- 
mately one substance? We may be un- 
able to solve either problem, and yet we 
can examine the evidence and see which 
way it points. 

I think that all philosophical chemists 
are now of the belief that the elements are 
not absolutely distinct and separate enti- 
ties. In favor of their elementary nature 


we have only negative evidence, the mere 
fact that with our present resources we are 
unable to decompose them into simpler 
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forms. On that side of the argument there 
is nothing more. On the other hand, we 
see that the elements are bound together by 
the most intimate relations, so much so 
that unknown elements can be accurately 
described in advance of their discovery, and 
facts like these call for an explanation. 
Something belonging to the elements in 
common seems to underlie them all. If, 
however, we study the atomic weights, we 
are forced to observe that the elements do 
not shade into one another continuously, 
but that they vary by leaps which are some- 
times relatively large, and sometimes quite 
small. To Mendeléeff this irregular dis- 
continuity is an argument against the 
unity of matter, or, rather, an indication 
that the periodic law lends no support to 
the belief; but such a conclusion is un- 
necessary. If the fundamental matter, the 
‘protyle,’ as Crookes has called it, is itself 
discontinuous and atomic in structure, the 
same property must be shown in all of its 
aggregations, and so the difficulties seen by 
Mendeléeff disappear. The chemical 
atoms become clusters of smaller particles, 
whose relative magnitudes are as yet un- 
known. 

That bodies smaller than atoms really 
exist is the conclusion reached by J. J. 
Thomson* from his researches upon the 
ionization of gases. According to him, 
this phenomenon ‘consists in the detach- 
ment from the atom of a negative ion,’ this 
being ‘the same for all gases.’ He regards 
‘the atom as containing a large number of 
smaller bodies,’ which he calls ‘corpuscles,’ 
and these are equal to one another. ‘‘In 
the normal atom this assemblage of cor- 
puscles forms a system which is electrically . 
neutral.’’ It must be borne in mind that 
these conclusions are drawn by Thomson 
from the study of one class of phenomena, 


* Phil. Mag. (5), 48, p. 547. Also Popular 
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and it is of course possible that they may 
not be finally sustained. Their value to us 
at the present moment lies in their sug- 
gestiveness, and in the curious way in 
which they reinforce other arguments of 
similar purport. The possibility that the 
chemical atoms can be actually broken 
down into smaller particles of one and the 
same kind, is, to say the least, startling, 
but it ean not be disregarded. The evi- 
dence obtained by Thomson is, so far as it 
goes, positive, and it is entitled to receive 
due weight in all discussions of our present 
problem. It is the first direct testimony 
that we have been able to obtain, all pre- 
vious evidence being either negative or cir- 
cumstantial. It may be misinterpreted, 
but it is not to be pushed aside. 

In direct line with the inferences of 
Thomson are the results obtained by 
Rutherford and Soddy in their researches 
upon radio-activity. Here, again, we have 
a subject so new that all opinions concern- 
ing it must be held open to revision, but, 
so far as we have yet gone, the evidence 
seems to point in one way. Rutherford 
and Soddy* have studied especially the 
emanations given off by thorium, and con- 
elude that from this element a new body 
is continually generated, in which the radio- 
activity steadily decays. This loss of em- 
anative power is in some sort of equilibrium 
with the rate of its formation. When tho- 
rium is ‘de-emanated,’ it slowly regains its 
emanative power. The emanation is a 
‘chemically inert gas, analogous in nature 
to the members of the argon family.’ The 
final conclusion is that radio-activity may 
be ‘considered as a manifestation of sub- 
atomie chemical change.’ This word ‘sub- 
atomic’ is one of ominous import. It im- 
plies atomic complexity, and it also sug- 
gests something more. The property of 


radio-activity is most strikingly exhibited 
* Phil. Mag. (6), 4, pp. 395 and 581. 
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by: the ‘metals radium, thorium and ‘uran- 
ium; and these have the highest atomic 
weights of any elements known. If the 
elements are complex, these are the most 
complex, and therefore, presumably, the 
most unstable. Are they in the act of 
breaking down? Is there a degradation of 
matter comparable with the dissipation of 
energy? We can ask these questions, but 
we may have to wait long for a reply. 
There is, however, another side to the 
shield, and the universe gives us glimpses 
of a generative process, an elementary evo- 
lution. 

The truth or falsity of the nebular hy- 
pothesis is still an open question. It is 
a plausible hypothesis, however, and com- 
mands many strong arguments in its favor. 
We can see the nebule, and prove them to 
be clouds of incandescent gas; we can 
trace a progressive development of suns and 
systems, and at the end of the series we have 
the habitable planet upon which we dwell. 
The nebular hypothesis accounts for the 
observed condition of things, and is there- 
fore, by most men, regarded as satisfactory. 
But this is not all of the story. Chemically 
speaking, the nebule are exceedingly simple 
in composition; the whiter and hotter 
stars are a little more complex; then come 
stars like our sun and finally the finished 
planets with their many chemical elements 
and their myriads of compounds. Here 
again we have evidence bearing upon our 
problem, evidence which led me,* more than 
thirty years ago, to suggest that the evolu- 
tion of planets from nebule had been ac- 
companied by an evolution of the elements 
themselves. This thought, stated in a re- 
versed form, has since been developed and 
amplified by Lockyer, and it is doubtless 
familiar to you all. In the development of 
the heavenly bodies we seem to see the 


** Evolution and the Spectroscope,’ Popular Sci- 
ence Monthly, January, 1873. 
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growth of the elements; do we, in the phe- 
nomena of radio-activity, witness their de- 
cay? This is a startling, possibly a rash 
speculation, but it rests upon evidence 
which must be considered and weighed. 

We have, then, various lines of converg- 
ent testimony, and there are more which I 
might have eited, all pointing to the con- 
clusion that the chemical atoms are com- 
plex, and that elemental matter, in the last 
analysis, is not of many kinds. That 
there is but one fundamental substance, is 
not proved; and yet the probability in 
favor of such an assumption must be con- 
ceeded. Assuming it to be true, what then 
is the nature of the Daltonian atom? 

To the chemist, the simplest answer to 
this question is that furnished by the -re- 
searches of J. J. Thomson, to which refer- 
ence has already been made. A cluster of 
smaller. particles or corpuscles satisfies the 
conditions that chemistry imposes on the 
problem, their ultimate nature being left 
out of aceount. For chemical purposes we 
need not inquire whether the corpuscles 
are divisible or indivisible, although for 
other lines of investigation this question 
may be pertinent. But no matter how far 
we may push our analysis, we must always 
see that something still lies beyond us, and 
realize that nature has no assignable boun- 
daries. That which philosophers call ‘the 
absolute’ or ‘the unconditioned’ is forever 
out of our reach. 

Through many theories men have sought 
to get back a little farther. Among these, 
Lord Kelvin’s theory of vortex atoms is 
perhaps the most conspicuous, and cer- 
tainly the best known. It presupposes an 
ideal perfect fluid, continuous, homogene- 
ous and incompressible; portions of this in 
rotation form the vortex rings, which, when 
once set in motion by some creative power, 
move on indestructibly forever. These 


rings may be single, or linked or knotted 
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together, and they are the material atoms. 
The assumed permanence of the atom is 
thus accounted for and. given ‘at least a 
mathematical validity, but we have already 
seen that the chemical units may not be 
The ultimate corpuscles, 
to use J. J. Thomson’s words, may be vor- 
tex rings; the chemical atom is much more 
complex. On this theory, chemical union 
has been explained by supposing that vor- 
tices are assembled in rotation about one 
another, forming groups which are per- 
manent under certain conditions and yet 
are capable of being broken down. The 
vortex ring is eternal, its groupings are 
transitory. This is a plausible and fasci- 
nating theory; if only we can imagine the 
ideal perfect fluid and apply to it the laws 
of motion; that done, all else follows. 
Unfortunately, however, the fundamental 
conception is difficult to grasp and still 
more difficult to apply. So far, it has 
done little or nothing for chemistry; it 
has brought forth no discoveries, nor stim- 
ulated chemical research; we can only say 
that it does not seem .to be incompatible 
with what we think we know. In a certain 
way it unifies the two opposing concep- 
tions of atomism and plenism, and this may 
be, after all, its chief merit. 

But there are later theories than that of 
Kelvin, and some of them are most daring. 
For instance, Professor Larmor regards 
electricity as atomic in its nature, and sup- 
poses that there are two kinds of atoms, 
positive and negative electrons. These 
electrons are regarded as centers of strain 
in the ether, and matter is thought to con- 
sist of clusters of electrons in orbital mo- 
tion round one another. Still more re- 
cently, Professor Osborne Reynolds, in his 
Rede lecture,* has offered us an even more 

**On an Inversion of Ideas as to the Structure 


of the Universe.’ Cambridge, 1903. The Rede 
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startling solution of our problem. He re- 
places the conventional ether by a granular 
medium, generally homogeneous, closely 
packed, and having a density ten thousand 
times that of water. Here and there the 
medium is strained, producing what Rey- 
nolds calls ‘singular surfaces of misfit’ 
between the normally piled grains and 
their partially displaced neighbors. These 
surfaces are wave-like in character, and 
constitute what we recognize as ordinary 
matter. Where they exist there is a local 
deficiency of mass, so that matter is less 
dense than its surroundings; and this, as 
Reynolds has said, is a complete inversion 
of the ideas which we now hold. Matter is 
measured by the absence of the mass which 
is needed to complete a normal piling of 
the grains in the medium. In other words, 
it might be defined as the defect of the 
universe. The ‘singular surfaces’ already 
mentioned are molecules, which may cohere, 
but can not pass through one another, and 
they preserve their individuality. Possibly 
I may misapprehend this theory, for it 
has been published in a most concise form, 
and the reasoning upon which it rests is 
not given in detail. I can not criticize it, 
but I may offer some suggestions. If mat- 
ter consists of waves in a universal medium, 
how does chemical union take place? Shall 
we conceive of hydrogen as represented by 
one set of waves and nitrogen as repre- 
sented by another, the two differing only 
in amplitude? If so, when they combine 
to form ammonia there should be either a 
superposition of one set upon the other, or 
else a complex system might be found show- 
ing interference phenomena. But would 
not the latter supposition imply a destruc- 
tion of matter as matter is defined by 
theory’? Could one such wave coalesce with 
or neutralize another? To conceive of a 
union of waves without interference is not 
easy, but the facets of chemical combination 
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must be taken into account. When we re. 
member that compounds exist containing 
hundreds of atoms within the molecule, we 
begin to realize the difficulties which a com- 
plete theory of matter must overcome. 
Chemical and physical evidence must be 
taken together; neither can solve the prob- 
lem alone. At present, the simplest con- 
ception for the mind to grasp is that of an 
aggregation of particles. Beyond this all 
is confusion, and mathematical devices can 
help us only a little. In speaking thus I 
assign no limit to the revelations of the 
future; some theory, now before the world, 
may prove its right to existence and sur- 
vive; but none such, as yet, can be taken 
as definitely established. The theory which 
stands the test of time will not be a figment 
of the imagination; it must be an expres- 
sion of observed realities. But enough of 
speculation; let me, before I close, say a 
few words of a more practical character. 
Dalton’s statue stands in Manchester, a 
fitting tribute to his fame. But it is some- 
thing which is finished, something on which 
no more can be done, something to be seen 
only by the few. As a local memorial it 
serves a worthy purpose, but Dalton’s true 
monument is in the set of constants which 
he discovered, and which are in daily use 
by all chemists throughout the world. 
Here is something that is not finished; and 
here Dalton’s memory can be still further 
honored, by good work, good research, 
honest efforts to increase our knowledge. 
We have seen that the atomic weights are 
the fundamental constants of all exact 
chemistry, and that they are almost as 
important also to physies; but the mathe- 
matical law which must connect them is 
still unknown. Every discovery along the 


line of Dalton’s theory is another stone 
added to his monument, and many such 
discoveries are yet to be made. 

What, now, is needed? 


First, every 
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atomie weight should be determined with 
the utmost accuracy, and what Stas did for 
a few elements ought to be done for all. 
This work has more than theoretical signifi- 
cance; its practical bearings are many, but 
it eannot be done to the best advantage 
along established lines. So far the investi- 
vators have been a mob of individuals; they 
need to be organized into an army. Col- 
lective work, cooperative research, is now 
demanded, and the men who have hitherto 
toiled separately should learn to pull to- 
vether. Ten men, working on a common 
plan, in touch with one another, can ac- 
complish more in a given time than a 
hundred solitaries. The principles at issue 
are well understood; the methods of re- 
search are well established; but the organ- 
izing power has not yet appeared. Shall 
this be a great institution for research, 
able to take up the problems which are too 
large for individuals to handle, or a volun- 
tary cooperation between men who are un- 
selfishly inclined to attempt the work? 
This question I can not answer; doubtless it 
will solve itself in time; but I am sure that 
a method of collective investigation will 
be found sooner or later, and that then 
the advance of exact knowledge will be 
more rapid than ever before. When the 
atomic weights are all accurately known, 
the problem of the nature of the elements 
will be near its solution. Some of the 
wealth which chemistry has created might 
well be expended for this purpose. Who 
will establish a Daiton laboratory for 
research, and so give the work which he 
started a permanent home? 
F.. W. CLARKE. 





SCIENTIFIC BOOKS. 


British Museum (Natural History) ; 
Report on Economic Zoology. 
V. Tueopatp, M.A. 

This is a volume of xxxiv—192 pages, with 

18 illustrations, consisting primarily of a se- 
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ries of reports to the Board of Agriculture, 
of reports and letters to a variety of unofficial 
correspondents, and of reports to the Foreign 
Office and the Colonial Office, drawn up by 
Mr. Theobald during the years 1901-1902. 
Mr. Theobald has recently been employed by 
the trustees of the British Museum to assist 
the director in such work, especially with a 
view of furnishing the Board of Agriculture 
with scientific information on Economic Zool- 
ogy, in accordance with a request made by that 
department of His Majesty’s government. 
As may be supposed, the subjects treated 
have come from all parts of the British 
Empire and are of more than local interest. 
The insects mentioned, having especial inter- 
est for the American entomologist, are the 
pear midge, Diplosis pyrivora Riley; the 
mussel scale, Mytilaspis pomorum; the apple 
aphis, Aphis mali; the tarnished plant bug, 
Lygus pratensis, attacking chrysanthemums ; 
Dermestes lardaris; the bud moth, Hedya 
ocellana; the pear-leaf blister mite, Hriophyes 
pyri; and the Colorado potato beetle which 
made its appearance in England in 1901 and 
again in 1902. This last pest appeared in 
Tilbury dockyard on potato plants on the 
workmen’s allotments. The land was cleared 
of all potato hulm and the hulm burned with 
paraffin, at night, on the ground and under 
the supervision of an officer of the Board of 
Agriculture; the ground soaked with paraffin, 
and plowed ten inches deep, after which 
it was dressed with gas lime, 60 tons per acre. 
Despite this treatment a few beetles appeared 
in 1902, but these were promptly collected 


and destroyed. 


While not comparing with the classical re- 
ports of the late Miss Ormerod,'from an ento- 
mological point of view, this is England’s 
first attempt at providing for an official ento- 
mologist, and it is to be hoped that it may 
prove a beginning that will expand until the 
mother country will no longer continue to be 
outdone by even her smallest colonies, like 
Tasmania, Cape Colony and Natal, for illus- 
tration. Mr. Theobald might weil be wholly 
employed in this work, and his first report is 
a good indication that he would prove a most 
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capable and efficient officer, if he were afforded 

the proper facilities for carrying ‘out the 

proper functions of Government Entomologist. 
F. M. WEBSTER. 


SCIENTIFIC JOURNALS AND ARTICLES. 


The American Naturalist for September 
begins with ‘A Contribution to the Morphol- 
ogy and Development of Corymorpha pendula 
Ag’ by Albert J. May. This includes a study 
of the origin of the sex cells and of the phe- 
nomena associated with odgenesis. 
Harris has a paper on ‘The Habits of Cam- 
barus’ which contains many interesting ob- 
servations on the burrowing habits of some 
species and their ‘chimney building. Max 
Morse contributes the nineteenth of the 
‘Synopses of North American Invertebrates,’ 
this being devoted to the Trichodictidx, form- 
ing a monograph of the North American spe- 
cies. The balance of the number comprises 
reviews and notes, the botanical notes being 


many in number. 


Wirnu the October issue The American Mu- 
seum Journal begins its appearance as a 
quarterly. The number is practically devoted 
to an account of ‘The Jesup North Pacific 
Expedition’ accompanied by maps and illus- 
trations. The supplement forms ‘ Guide Leaf- 
let No. 12,’ and in its thirty-two pages W. D. 
Matthew describes ‘The Collection of Fossil 
Vertebrates’ which has recently been re- 
arranged. This Leaflet contains many illus- 
trations and a large amount /of information; 
it should be in great demand by others than 
museum visitors. 


SOCIETIES AND ACADEMIES. 
ONONDAGA ACADEMY OF SCIENCE. 


Tue first meeting of the Academy since the 
summer vacation was called to order by the 
president, Dr. Kraus, in the rooms of the 
Historical Society in Syracuse on September 
25, 1903. P. F. Schneider presented a paper 
on ‘Mica Prospects in Northern Georgia.’ 
He gave a description of the area in which 
the mica occurs, of the mica-feldspar, pegma- 
tite dikes in which it oceurs, and considered 
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the: conditions favoring the further develop- 
ment, such as the water power, cost of labor, 
etc. He closed with a statement of the dif- 
ferent uses of mica. Mica has been produced 
in limited quantities in northern Georgia jn 
years past and Mr. Schneider concludes that 
the surface indications justify further develop- 
ment and an increased output. 
T. C. Hopxiys, 
Corresponding Secretary. 


DISCUSSION AND CORRESPONDENCE. 


THE ANIMAL PARASITE SUPPOSED TO BE THE 
CAUSE OF YELLOW FEVER. 


My connection with the Working Party No. 
1 of the Yellow Fever Institute and the basis 
on which I rest my claim as being the first 
to have interpreted correctly and given value 
to the things found in the bodies of the 
mosquitoes infected from yellow fever patients. 

Working Party No. 1 of the Yellow Fever 
Institute (a bureau of the U. S. Marine Hos- 
pital Service), consisting of Dr. Herman B. 
Parker, P.A., surgeon and chairman, Washing- 
ton, D. C., Professor G. E. Beyer, biologist at 
Tulane University, and Dr. O. L. Pothier, 
pathologist, Charity Hospital, New Orleans, 
reports in Bulletin No. 13 of the Institute the 
results of its labors in Vera Cruz during the 
summer of 1902. 

Section 6 of this bulletin contains the de- 
scription of an animal parasite which was 
found in the bodies of mosquitoes infected 
from yellow fever patients. 

In the letter of transmittal the following 
sentence occurs: 


In the proper study and classification of this 
new parasite the Working Party desires to ex- 
press its thanks to Mr. J. C, Smith, of New 
Orleans, La., for valuable aid and suggestions in 
working out the life-history of the organism. 


I claim that the above recognition is not 
commensurate with the services I rendered to 
the party. That it was not ‘aid and sugges- 
tions’ that the party received from me, but 
that it was given the pith of the whole 
matter included in the section entitled: ‘ The 
Contaminated Stegomyia fasciata and its 
Parasite,’ as I will show further on. 
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The members of the party, had all returned 
from Vera Cruz about October 1, 1902. . 

Professor Beyer had solicited, a number of 
times, my assistance in working up the mate- 
rial he had prepared, consisting of slides of 
infected mosquitoes. 

On January 23, 1903—fifteen weeks after 
the return of the members from Mexico—I 
undertook the examination of their material. 
Up to this time, Professor Beyer, who was the 
biologist of the party, knew of no evidence of 
a parasite in these mosquitoes excepting some 
‘granular bodies,’ as they were styled, which 
were found in the cells of the salivary glands, 
and which I afterwards showed the party were 
not ‘granular bodies,’ but were linear bodies, 
five or six times longer than wide—the spo- 
rozoites. 

On January 30 I reported having found in 
the bodies of a number of the mosquitoes an 
animal parasite in process of sexual devel- 
opment. This report was accompanied by my 
sketch of all the processes. 

According to Professor Beyer’s statement to 
me at the time, Dr. Parker was urged to come 
to New Orleans in order to see the results 
of my investigations. The party was then or- 
dered to convene in New Orleans. Dr. Parker 
arrived on or about the tenth of February, 
and a very short time after his arrival he and 
Professor Beyer called on me. They were 
both shown my sketch of the parasite in its 
various stages and given by me a history of 
these stages. Dr. Parker thanked me for my 
services and expressed his desire to see the 
parasite. He examined the sketch very care- 
fully and did not say that he had ever recog- 
nized any of the stages depicted in the sketch. 

On or about February 12 the members had 
their first session and heard my report read. 
At this session and the two following I was 
present, and, singly and alone, demonstrated 
step by step the parasite and its gradual devel- 
opment from the third to the fifteenth day 
after infection. — 

On showing the spores in the tissues sur- 
rounding the salivary glands (wandering 
spores), Dr. Parker remarked that he had a 
photograph showing this phase. He then 
opened a package of well-executed photographs 
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which he had..brought from Washington,. and 
found one showing these spores. There were 
about fifteen photographs in the package and 
after all had been examined carefully no trace 
of any other phase of the parasite could be 
found. As Dr. Parker knew the object of his 
coming to New Orleans, it is perfectly nat- 
ural to conclude that if he had had any other 
photographs showing the parasite, he would 
have brought them with him. 

At no time during these sessions did any 
member of the party signify by word or ac- 
tion that any of the phases which were being 
shown them had been seen before. On the 
contrary, the difficulty which I had in get- 
ting them to see and comprehend some of 
the phases was conclusive evidence that they 
were seeing these things for the first time. 

At the conclusion of the third session I 
said to the members that I expected to be 
given full recognition for my services and 
this recognition must be placed in the text 
treating on the parasite, and not in the letter 
of transmittal. 

Dr. Parker, speaking for and before the 
members, again thanked me for my work and 
promised that I should be given the recogni- 
tion asked, and that it would be placed in the 
text treating the parasite. 

At the fourth and final session—to which I 
was not invited and did not attend—the his- 
tory of the parasite was incorporated in the 
final report of the working party. Dr. Parker 
and Professor Beyer had written this history 
so that it was a copy of my report, to which 
Dr. Pothier objected and advised that it be 
written in their own way so as not to appear 
as a duplicate of my report. This advice 
prevailed and the history was written as it 
now appears in Bulletin No. 13. 

At this session Dr. Parker and Professor 
Beyer, notwithstanding their promise to me 
the day before, declined to recognize my ser- 
vices. Dr. Pothier was indignant and refused 
to sign the report unless justice were done 
me. A recognition was then placed in the 
text treating of the parasite and the report 
was signed by the three members. On the 
return of Dr. Parker to Washington this rec- 
ognition was suppressed, as will be shown 
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further on by Surgeon-General Wyman’s let- 
ter to me dated August 24. 

All that I have related above concerning 
the four sessions can be corroborated by Dr. 
OQ. L. Pothier, who was a member of the work- 
ing party and attended the sessions. 

Some days after this fourth session I tried 
to learn from Professor Beyer what had been 
done in the matter of recognition of my ser- 
vices, but could get no satisfactory answer 
from him. I then told him that I intended to 
criticize the report when it was published, 
and that the party had failed to get one very 
important characteristic of the parasite. That 
characteristic is that all the gametes have a 
non-contractile vacuole in their anterior 
halves. If the reader will look over the re- 
port, he will find that this very important fea- 
ture is not mentioned. 

Several days after this interview with Pro- 
fessor Beyer, I received the following letter 


from Dr. Parker: 
TREASURY DEPARTMENT, 
MARINE-HosPITAL SERVICE, 
WaASsHINeTON, D. C., Mch. 6, 1903. 
Mr. J. C. SmItTa, 

New Orleans, La. 

My Dear Mr. Smith: Since returning to Wash- 
ington I have been intending to write to you and 
ask if you will transmit to me at your earliest 
convenience your opinion of the organism and its 
phases as you saw them with Dr. Beyer. 

I would like this not only for my own informa- 
tion, but if necessary to quote you on points that 
at present may seem somewhat hazy. 


The subject is, as you know, a rather large one, | 


especially for those who are not familiar with 
more than the rudiments of this branch of the 
sciences. I hope, however, to acquire enough 
from my friends and the books to make this or- 
ganism presentable. 
Very truly yours, 
(Signed) HerMAN B. PARKER, 
Passed Assistant Surgeon. 


(The italics are mine.) 
To which the following reply was sent: 


New ORLEANS, LA., 
March 10, 1903. 


Dr. HERMAN B. PARKER, 
P. A. Sure. Marrne-HospiTa. SERVICE, 
Wasnuineton, D. C. 
My Dear Dr. Parker: Yours of the 6th inst. to 
hand and from its contents I conclude something 
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has gone wrong * * * . It seems to me that | 


am not going to receive from your commission 
(working party), the recognition which I justly 
claim, so I have concluded to reserve what I have 
to say about the parasite and the part I have 
taken to bring it to light until the report is pub- 
lished. If I am mistaken as to the treatment 
your commission (working party) contemplates 
according me, I shall say no more about it, but 
you will have to assure me of my mistake and 
say just how I am to be recognized before I can 
feel satisfied to give you my written views as you 
request in your letter of the 6th inst. 
Yours truly, 


(Signed) J.C. Smrru. 


To which no reply has been received. 

On May 6, during the session of the Amer- 
ican Medical Association in New Orleans, I 
had a conference with Surgeon-General Wy- 
man. At this conference I related the story 
of my connection with the working party, 
which was substantially as it is written above, 
and said to him that I had good reasons to 
believe that I was not to receive the recogni- 
tion I was entitled to. . In response to his ques- 
tion as to what recognition I wanted, I handed 
him the following memorandum: 


The commission is indebted to Mr. J. C. Smith, 
of New Orleans, La., for his valuable services in 
working out the sexual life-history of the parasite 
in the body of the mosquito. 

This to be in the text treating on the parasite. 


He said that was the first time he had heard 
of my connection with the working party; 
that the party had no right to go outside the 
department for assistance; that he would in- 
vestigate the matter and would do justice to 
me. 

On June 10 Dr. Wertenbaker, surgeon at 
the Marine Hospital in New Orleans, called 
on me and presented : telegram from Sur- 
geon-General Walter Wyman which read as 
follows: 


See J. C. Smith and get from him a signed 
statement of his relation to the working party 
and his understanding as to recognition. 


On the same day Dr. Wertenbaker was 
given the signed statement, which contained 
the same items recorded above, and the fol- 
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lowing as ‘my understanding as to recogni- 
tion’ : 

The commission is indebted to Mr. J. C. Smith, 
of New Orleans, La., for his valuable services in 
working out the sexual life-history of the parasite 
in the body of the mosquito. 

This to be in the text treating on the parasite. 


On the same date as above Dr. Wertenbaker 
presented a somewhat similar telegram from 
Surgeon-General Wyman to Dr. O. L. Pothier, 
whose reply was as follows: 


New ORLEANS, June 10, 1903. 
Dr. WERTENBAKER, 


Sureron P. H. & M. H. Service, 
New ORLEANS, LA, 

Dear Sir: In compliance with the request made 
through you by Surgeon-General Wyman, I wish 
to make the following statement: 

First. When I signed the report it contained 
what I believed to be full recognition of the work 
done by Mr. J. C. Smith. 

Second. The paragraph embodying this read 
as follows: In the proper study and classification 
of this new parasite the working party desires to 
express its thanks to Mr. J. C. Smith for valuable 
aid and suggestion in working out the life-history 
of the organism. After the words ‘J. C. Smith,’ 
it was agreed that the words ‘ for the demonstra- 
tion and’ should be embodied, but I find that 
these words have been left out in my copy of the 
report. 

Third. I positively refused to sign the report 
unless recognition was given Mr. J. C. Smith. 

As to other relevant data, I may say that Mr. 
J. C. Smith was present at all the meetings of the 
commission here in New Orleans, except the meet- 
ing preceding the signature of the report. At 
this meeting the discussion of the report came up 
and it was that night that I refused to sign the 
report unless Mr. Smith was given recognition, 
and it was the only consideration which induced 
me to sign the report. 

We had seen, while still in Vera Cruz, two 
phases of the. organism described in the report, 
one phase proved to be what is described further 
as the wandering spores of the parasites and the 
other bodies in the salivary glands, but it was 
not until Mr, J. C. Smith had been called by 
Professor Beyer, without authorization of any of 
the working party, so far as I know, that the 
whole life cycle of the organism was demonstrated. 

And at the meetings of the commission here in 
New Orleans, Mr. Smith fully demonstrated the 
life cycle of the parasite. 
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I am fully convinced that had he not done so at 
the time, that the parasite would not have been 
demonstrated by the commission, as none of us 
could at that time find the different phases of the 
cycle without the help of Mr. Smith. 

It was on this account that I refused to sign 
the report as no mention of Mr. Smith was made, 
and as I said above it was conditional on the 
embodiment of this recognition that I consented 
to sign the report. This paragraph should read 
as the original was intended as follows: | 

“In the proper study and classification of 
this new parasite the working party desires to 
express its thanks to Mr. J. C. Smith for the 
demonstration, and for valuable aid and sugges- 
tions in working out the life-history of the or- 
ganism.” 

Further, I would state that it was agreed that 
the galley sheets were to be sent to each one of 
the party for correction and approval. This lat- 
ter agreement was not carried out, and I have not 
seen proofs of the report up to this date. 

In closing, I wish to state that two or three 
days before the receipt of the telegram conven- 
ing the commission here in New Orleans, Mr. 
Smith sent me a full diagram of the life-cycle of 
the organism in question. 

I think I have given all the information that 
I possess on this subject and hope that it may 
prove satisfactory.. 

Yours truly, 
(Signed) O. L. Pornier, M.D. | 


The report of the working party is dated 
New Orleans, February 17, 1903, but was not 
issued until about the fifteenth of July, at 
which time a copy came to my hands. Not 
being satisfied with the recognition in the re- 
port, nor with its position, I addressed a pro- 
test to Surgeon-General Wyman as _ follows: 


New ORLEANS, August 17, 1903. 
GENERAL WALTER WYMAN, 

WASHINGTON, D. C. 

My Dear Sir: 1 regret very much the necessity 
of entering my protest against the style and posi- 
tion of the recognition of my services which the 
Working Party No. 1 of your Yellow Fever In- 
stitute has accorded me. My request, as I had 
given it to you upon your solicitation, was for 
‘valuable services in working out the sexual 
life-history of the parasite in the body of the 
mosquito ’—‘ this to be in the text treating on the 
parasite.’ 

In the report of the working party, recently 
issued, I find I am thanked for ‘ valuable aid and 
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suggestions in working out the life-history of. the 
organism,’ which may be construed as meaning 
very little, and this is placed in the letter of 
transmittal, where I consider it is buried. 

When I gave into your possession the evidences 
on which I based my claim to recognition, you 
made no mention of any existing evidence that 
might tend to modify my claim. If any evidence 
came to your knowledge since our conference last 
May which led you to consider that I was claim- 
ing too much, I maintain that it was your duty, 
before taking final action, to notify me of this 
evidence and of its nature, in order to afford me 
the opportunity of rebutting it, if possible. As 
you have not done so, but have modified my rec- 
ognition. very radically, you have left but one 
channel open for me to obtain proper recognition 
for my services, and that is to appeal to the 
fair judgment of the scientific world. 

Yours truly, 


(Signed) J. C. Smiru. 


To which the following reply was received: 


TREASURY DEPARTMENT, 
Bureau or PusBLic HEALTH AND MARINE 
HosPITaAL SERVICE, 
WasHINGTON, D. C., August 24, 1903. 
Mr. J. C. Smiru, 

131 CARONDELET St., NEw ORLEANS, LA. 

My Dear Sir: I have to acknowledge receipt of 
your letter of August 17, entering protest against 
the style and position of the recognition of your 
services which the Working Party No. 1 of the 
Yellow Fever Institute has accorded you in its 
report. 

I regret that you seem to have some misappre- 
hension concerning the matter. Before I reached 
New Orleans in attendance on the meeting of the 
American Medical Association in May last I had 
no knowledge whatever of your relations with the 
working party.. I then learned for the first time 
that you had met with them and that a definite 
promise had been made to you as to recognition, 
and that it was believed that no such recognition 
had been inserted in the report. 

The report was already in print and after your 
call upon me, on consulting an advance copy in 
my possession, I found that it was true that 
there was no recognition of you in it. I there- 
upon caused the issue of the publication to be 
suspended to permit inquiry into the matter. Il 
found that the recognition had been promised and 
determined that the promise should be kept. This 
involved a board of inquiry and as a result the 
recognition was restored in the report though 
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it required an alteration in the printer’s form 
to do so. 

The. report was then published and issued, ‘and 
as published contains the recognition of your éer- 
vices in the very terms in which it was promised 
to you and agreed upon by the three members of 
the working party. 

Respectfully 
(Signed) WaLTeR Wyman, 
Surgeon General. 


(The italics are mine.) 
To which the following reply, concluding 
the correspondence, was sent: 


New ORLEANS, La., 
September 1, 1903. 
GENERAL WALTER WYMAN, 

WASHINGTON, D. C. 

My Dear Sir: In reply to yours of August 24 
I will say that on my part there is not the 
least ‘misapprehension concerning the matter.’ 
Whether the acknowledgment now in the report 
is, or is not, the same as was placed there orig- 
inally and afterwards suppressed, does not con- 
cern me, as I was not afforded the opportunity 
of judging if it were commensurate with the ser- 
vices I had rendered the working party. 

Further, Dr. Pothier, a member of the working 
party, has just assured me that when he signed 
the report the acknowledgment then accorded 
me was placed in the text treating on the para- 
site, so you will note that the suppressed acknowl- 
edgment was not even restored as it was orig: 
inally. 

That I had made proper effort to learn from the 
chairman of the working party if I were to be 
acknowledged for my services, and in what terms 
this acknowledgment was’ to be, you know from 
my reply, dated March 10, to Dr. Parker’s letter 
dated March 6; that I failed, you also know 
from the fact of Dr, Parker treating my a oa 
for this information with silence. 

I hold that the form of recognition which should 
have been considered was that which emanated 
from me, and which I gave you upon your. own 
request. I also hold that if it were thought 
that I was claiming too much, the proper and 
just thing to have done was to have afforded me 
the opportunity of strengthening, by witnesses, 
what was related in my brief given to you. ) 

In conclusion, I will say that I consider that I 
have been treated unfairly in this whole business, 
and as I am actuated by the commendable. desire 
to. be permanently connected with the results of 
my work on the parasite, I shall, without un- 
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necessary delay, «appeal to’ all: scientific men and 
jet: each judge as to the justice of my claim— 
as being the -first to correctly interpret and give 
value ‘to the things seen in the bodies of the in- 
fected mosquitoes. 
Yours truly, 
(Signed) J. C. Smiru. 


In conclusion, I will say that I am willing 
to rest my case on the facts related, without 
analysis or argument, and leave it to the judg- 
ment of my readers if I am not entitled to 
the recognition I claimed at the hands of Sur- 
geon-General Wyman and the party. That 
in the text treating on the parasite the fol- 
lowing acknowledgment be placed: 

“That the commission (or working party) 
is indebted to Mr. J. C. Smith, of New Or- 
leans, La., for his valuable services in working 
out the sexual life-history of the parasite in 
the body of the mosquito.” 

J. C. Smirn. 


New ORLEANS, La., 
September 24, 1903. 


SOME RECENT APPLICATIONS OF THE A. O. U. CODE. 


To THE Epitor or Science: It is desirable 
that there should be public discussion of dis- 
puted cases in nomenclature, for in no other 
way can the weak points in codes, or in their 
application, be so well brought out. For this 
reason SCIENCE appears to be the proper place 
for the following criticism. _ 

Dr. Stejneger (Proc. U. 8S. Nat. Mus,, 1903, 
p. 152) sets aside the specific portion of Cor- 
onella sayit Holbr. (Ed. 2, Vol. ITI., 1842), for 
sixty years used for Say’s King-snake, now 
Ophibolus getulus sayi, for the reason that 
Holbrook was under the misapprehension 
that his species was identical with Coluber 
sayt Schlegel (1837), which is now Pityophis 
sayi, a pine snake, and included that name in 
his list of references. In consequence of 
which, a néw specific name, holbrooki Stej. 
takes its place. The rule relied on for the 
change is Canon XXXIII. of the A. O. U. 
Code, which provides that ‘a specific * * * 
name is to be changed when it has been * * * 
used previously in combination with the same 
generic name.’ It is quite true that in this 
place Holbrook does cite Schlegel’s name 
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atitong his références, and in that was Clearly 
wrong. But as he puts his species in 
another genus, it does not appear that. the 
application of this rule is so clear as to be 
compulsory. Curiously enough, however, a 
better ground exists upon which the vacating 
of Holbrook’s name might be urged under the 
rule. Holbrook’s first description of the spe- 
cies was under the name Coluber sayi Dekay, 
in the lately discovered fourth volume of his 
first edition (1840), now in the Academy’s 
library. The only reference given here is 
‘Dekay mss.’; Schlegel not being mentioned. 
For some unknown reason Holbrook tried to 
suppress this volume, and in his second edi- 
tion he gave the same description and plate 
under the name Coronella sdyi Schlegel. 

It is of course true that by a strict con- 
struction, which is usually a narrow one, the 
rule quoted might be applied here, Holbrook 
having first used. sayi in connection with the 
generic name used by Schlegel, but the fact 
remains that Holbrook was indisputably the 
first to describe publicly and name the species 
from original specimens, and that he subse- 
quently placed it in a different genus where 
it is still retained by high authority among 
herpetologists, his-only error being in as- 
suming that Schlegel’s species was the same 
as his. If, under the A. O. U. Code, there 
is no escape from applying the rule here, then 
it is one of the cases where the code conflicts 
with justice and common sense. 

While I am on the subject I may mention 
also Cope’s substitution (Proc. U. S. Nat. 
Mus., 1888, p. 392) of Natrix Laurenti (1768) 
for the well-known Tropidonotus Kuhl (1826), 
on the ground that while Natriz was a:heter- 
ogeneous collection of species, Natrizx vulgaris, 
which is a Tropidonotus,-was its type. Here 
we have a method of determining types which 
leads to the absurdity of placing a group of 
snakes with keeled and conspicuously rough 
scales in a genus whose author among its 
definitions expressly says ‘7runcus gilaber, 
nitidus.” 
ArtHUR Erwin Brown. 


ACADEMY OF NATURAL SCIENCES, 
PHILADELPHIA, August 5, 1903. 
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A HITHERTO UNDESCRIBED VISUAL PHENOMENON. 


To tHe Eprror or Science: So far as I 
know, the curious visual fact I am about to 
describe has not been noted by psychologists, 
and as it may, and seems to me really to be 
of practical as well as psychologic importance, 
I wish to ask your readers to verify and, pos- 
sibly, to explain it. 

For several years I have observed the fol- 
lowing peculiar appearance of a distant light 
at night: The electric (incandescent) lamps 
of a town two or three miles away and below 
me, when observed fixedly and singly, have 
distinct appearances of movement, if seen 
under certain conditions. These conditions 
are as follows: 

1. The observer must sit in the darkness, 
i. e., without visible objects about, which would 
fix a number of objects in the attention and 
prevent the needed indefiniteness, or lack of 
‘ fixing’ necessity. 

2. The night must be dark, moonless, etc., 
so that there is no multiplicity of distant 
objects to arouse the definite ocular fixation, 
or localizing necessity, which prevents the 
indefiniteness, the lack of sensational or top- 
ographic features required to produce the 
phenomenon in question. 

3. By means of the hand, interposed shades, 
ete., one must shut out of the ‘ field of vision,’ 
as well as possible, all other lights except the 
one to be observed. 

4. The movements of the distant light are 
made more manifest and pronounced by: (a) 
closing one eye; (b) not winking; (c) im- 
mobility of the head; (d) steadiness and con- 
tinuousness of the gaze. 

The distant light must be strong and rich 
enough so that (as happens with weak powers) 
the image does not fade to invisibility with 
constant fixation. A star as an object is not 
so good as a brilliant electric light, because, 
most stars are too weak in light-power, or 
other stars are too near by to secure the single- 
ness of object desirable, ete. I have become 
able by practice to observe the movement in a 
star, but a beginner will succeed better with 
a distant electric light. To myself and some 
friends the movements are observable with 
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both eyes open, but they are more pronounced 
with a single eye, and besides they have gen- 
erally a peculiar character with a single eye. 
Perhaps half the friends who have made the 
tests do not observe the more decided move- 
ments of myself and others. These speak 
only of a quivering or of slight vibratory 
movements. The appearances of movements 
are not those of ‘twinkling,’ changes in the 
rays, etc., and only a little experience is re- 
quired to convince one that they are not 
caused by clouds, atmospheric radiation or 
other conditions—in a word they are not ‘ ob- 
jective.’ 

The character of the apparent movements, 
as they appear to myself and other friends 
who see them as plainly as myself, is as 
follows: With the right eye (the head being 
level, or erect), the light will somewhat slowly 
move, with varying rapidity, and without 
regular rhythm or ‘beat,’ to the right, and 
often upward—the motion being like that of 
a small balloon or floating downy seed, in a 
breeze, moving according to the force, gusts 
or eddies of the wind. With the left eye alone 
the movements are usually but not always to 
the left and also sometimes upward. I suspect 
the character of the movements will depend 
upon whether one is right-eyed or left-eyed. 
(I am convinced that either by necessity or 
habit one is always partly or preponderantly 
right-eyed or left-eyed, just as one is right- 
handed or left-handed—but this, ad interim, 
is ‘another matter.’) I have made a number 
of experiments as to the influence of position 
of the head upon the movements, but the con- 
sideration of these may also be omitted. 

As to the explanation of the phenomenon: 

1. It is not, I think, due to the spreading of 
the tears over the cornea in an irregular man- 
ner; nor to their drying, producing a slight 
warping of the same or irregularity of trans- 


parency. 
2. Nor to lymph-movements in the sub- 
stance of the cornea. | 
3. Nor to musce volitantes—which are not 
uniform in direction, etc. 
4. Nor to movements of the blood cor- 
puscles in the capillaries of the retina, for 
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the same reasons, and also because the 
macula has no capillaries. 

In other words, the movements are not 
ocular in origin, unless in a last analysis they 
are due to a shifting of the functional ac- 
tivity from one set of macular cones to an- 
other. The direction of the movements with 
a single eye seems to forbid this supposition, 
and one is driven to think of them as caused 
by the mechanism or physiology of the sen- 
sation-making centers in the cuneus of the 
occipital lobe—the cerebral center for vision. 
The fact suggests several not uninteresting 
queries as to the psychology and physiology 
of sensation. 

The practical bearings of the phenomenon 
are of far greater importance and interest, 
and may be vaguely indicated as follows: 
There is no doubt, of course, as to the fact 
of the subjective production of images, ghosts, 
wraiths, telepathic visions, animals, snakes, 
ete., in delirium tremens, in clairvoyant 
states, in hypnotic conditions, in pathologic 
conditions of the mind and body and even in 
some people in health, when the mind is in 
a state of heightened sensibility, ete. It will 
be remembered that the vast majority of these 
subjective sensations occur in the night, in 
dim light, ete. If they occur with the eyes 
closed, that does not change the essential psy- 
chologic law of the apparent action and move- 
ment of the image, which must:be conditioned 
upon the physiology or mechanics of visual- 
ization. The apparent movements of the im- 
ages will obey the same laws of seeing, shift- 
ing as those of the distant light in the night. 
The facts of crystal-gazing, apart from the 
mere subjective creation of the images (about 
which, I take it, there is no doubt in the 
minds of students) and especially of the 
movements of these images, may receive a 
psychologic explanation, at least some light 
and rationality, from the analogy of the move- 
ments of the light I have described. 


Geo. M. Gou tp. 
PHILADELPHIA, 
September 27. 1903. 
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SHORTER ARTICLES. 
BACTERIAL SPOT, A NEW DISEASE OF CARNATIONS. 


We have recently received for examination 
from Pennsylvania and the District of Co- 
lumbia a number of carnation plants suffering 
from a spot disease of the leaves and stems 
that appears to be quite distinct from anything 
hitherto described. In its earlier stages the 
disease looks something like stigmonose, or 
puncture disease, but the small spots are 
usually surrounded by a narrow, water-soaked 
area or ring, while the center of the spot is 
usually slightly brown. As the spots grow 
larger they resemble more the ordinary car- 
nation spot caused by Septoria dianthi. The 
water-soaked marginal area, however, makes 
it easy to distinguish from this latter disease. 
The spots increase in size more rapidly in 
soft-leaved varieties and soon collapse and dry, 
leaving a brown, sunken area. Badly diseased 
leaves soon wither. Microscopical examina- 
tion shows that the spots in all stages are 
filled with bacteria, which, in the early and 
middle stages of the disease, are usually in 
pure cultures. These bacteria grow rapidly 
in beef broth and nutrient agar (acidity plus 
15 of Fuller’s scale) and on ten per cent. 
nutrient gelatine of the same acidity, but 
where malic acid is added to the nutrient gela- 
tine at the rate of one half gram per one 
hundred cubic centimeters, the growth is ex- 
tremely slow. The germ also grows well upon 
steamed potato. The colonies are round and 
unbranched, pearly white, wet and shining, 
and do not spread rapidly over the culture 
medium. After a few days the central por- 
tions of the colonies break up into zooglea. 
The complete cultural characters for various 
media have not yet been determined, but are 
now being investigated. It is evident that the 
organism causing this disease is quite dis- 
tinct from the orange-colored one, Bacterium 
dianthi, described by Arthur and Bolley as 
the cause of ‘ Bacteriosis’ of carnations. In- 
oculation experiments have been made, both 
from a maceration of young diseased spots in 
distilled water and from pure cultures in beef 
bouillon. Bacteria from both sources, when 
applied to the surface of leaves, old or young, 
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where there was the slightest abrasion of the 
epidermis, produced by a fine needle, gave char- 
acteristic spots filled with bacteria in from 
forty-eight to seventy-two hours. Charac- 
teristic spots have also been secured by simply 
brushing the bacteria on the uninjured 
leaves. Under natural conditions the bacteria 
appear to gain entrance to the leaves and stems 
from the slight injuries produced by the red 
spider and by other causes. Slugs have been 
observed eating diseased spots, and infection 
from slug bites was observed. It is also evi- 
dent that the organism has other ways of gain- 
ing entrance to the tissues, possibly through 
the stomata. We have found the disease so far 
on the varieties Mrs. McKinley, Mrs. Nelson, 
Lawson, and Crane, and it will doubtless be 
found on numerous other varieties. In some 
cases observed nearly every leaf and many of 
the stems were so badly spotted that it would 
be practically impossible to save the plants. 
When the disease has not progressed so far, 
however, it can be checked by thoroughly 
cleaning the plants of all diseased leaves and 
stems and burning what is removed. Then 
syringe the plants with a solution of com- 
mercial formaldehyde, one part to five hundred 
parts of water. This should be done in the 
forenoon so that the plants may dry before 
night. Syringe occasionally with water under 
pressure to keep down the red spider. Give 
the plants as much light and air as possible 
and keep the foliage as dry as practicable. 
Give the plants a second thorough cleaning 
after the new growth is well started and fol- 
low with a second light syringing with formal- 
dehyde solution. It is probable that these 
recommendations may be modified after fur- 
ther investigation, but the procedure outlined 
is the best we can suggest at the present time. 

A careful study of the disease and the 
organism causing it will be completed as soon 
as possible. Messrs. Lloyd Tenny and J. B. 
Rorer, assistants in pathology, are actively 
aiding in the investigation. 

A. F. Woops, 


Pathologist and Physiologist. 
U. 8S. DEPARTMENT OF AGRICULTURE. 
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THE FRONTIER OF PHYSIOGRAPHY. 

THE term physiography, as generally ap- 
plied in geological studies, has become asso- 
ciated with and is inclusive of glacial geology; 
and from the character of the formations 
studied is sometimes referred to as superficial] 
or surficial geology. The alternative use of 
the latter terms calls attention, also, to the 
fact that the field of its inquiries has not been 
generally regarded as extending deep into the 
earth’s crust. As time has gone on the work 
of physiography has, in fact, been more and 
more sharply differentiated from that upon 
the consolidated portion of the lithosphere; 
and geologists of a special class have arisen 
known as physiographers, glacialists or sur- 
ficial geologists—which, while not by any 
means equivalent terms, are yet regarded as 
all properly referring to men trained in a 
special way. 

The features of the land areas are by this 
school of geologists interpreted to be largely 
fashioned under the action of water or ice, 
or both; in the case of the first of the agencies 
mentioned, according as the action has been 
affected by epeirogenic movements. The ori- 
gin of earth sculpture has been, therefore, 
largely referred to the changes brought about 
by successive geographic cycles, during which 
elevation and tilting of the crust follow upon 
a period of subsidence. In a subordinate 
degree the relative hardness of the underlying 
rocks is brought into account by the modern 
school. As a result of this type of specializa- 
tion or special generalization stress has been 
laid upon the general contours which are char- 
acteristic of a district or province, and with 
remarkable readiness and accuracy the stage 
of a geographic cycle through which a prov- 
ince is passing, and many of the earlier events 
of the cycle as well, are determined. 

The unconsolidated deposits in glaciated 
regions have been further studied with minute- 
ness as regards their form and extent as well 
as their composition, and an elaborate classifi- 
cation of them has been adopted. To the 
consolidated or ‘hard’ rocks this study has 
not, however, been extended; and, beyond the 
fixing of what may be termed erosional ear 
marks to determine the agent and the stage 
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of a geographic cycle, little has been at- 
tempted. The significance of the great geo- 
graphic lines of a region, the breaks in the 
continuity of mountain ranges, the direction 
of cliff lines, the position of cataracts in rela- 
tion to one another (in a unique instance 
called a ‘ fall line’), the relation in direction 
of strong topographic lines to water courses, 
and, above all, to geologic boundaries—in 
fact, the more impressive manifestations of 
nature through surface configuration, seem 
not to have been included in the field of study 
of physiography. This neglected field is no 
doubt quite as much within the province of 
the student of the consolidated crust of the 
lithosphere—the worker upon the ‘hard geol- 
ogy ’—who, from his knowledge of mountain 
structure, is the one best fitted to cope with 
the problems involved in the interpretation 
of these complex phenomena. It need, there- 
fore, be no reflection upon the modern phys- 
iographer that he has left almost untouched 
this department of physiography strictly so- 
called; and the rather sharp differentiation of 
structural from physiographic geology is 
doubtless responsible for the fact that ex- 
ploitation of this frontier of physiography is 
now only beginning. 

The neglected field of study sketched in the 
above paragraph may be described as the in- 
quiry into the configuration of the earth’s 
surface, and particularly that of its rock base- 
ment, as this is related to rock composition 
and structure. In contrast with physiography, 
as that term is now applied, it discusses the 
relation of earth physiognomy to orogeny, 
rather than to epeirogeny. It gives compara- 
tively little attention to the characters of 
erosional contours, but endeavors to decipher 
beneath those obscuring curves, as upon a 
weather-worn and moss-grown monument, the 
partly effaced characters which have been 
chiseled in an earlier period. The attention 
is focused, therefore, upon the direction—the 
orientation—of the earlier lines. The ques- 
tions asked are not whether for a given 
provines an infantile or a mature stage of 
erosion or one of rejuvenation, is indicated; 
but rather what are the cardinal directions of 
lineaments, and how are they related to geo- 
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logic boundaries and to other structure planes 
within the lithosphere. It is, in a word, the 
architecture of the earth’s surface—the 
tectonic geography—that is considered, as has 
been happily expressed by a recent French 
writer (Barré, ‘ L’architecture du sol de la 
France,’ Paris, 1903). The increasing fre- 
quency with which the term orography has 
been used by continental writers for studies 
bordering upon this field (vide especially Koté, 
‘An Orographic Sketch of Korea,’ Tokyo, 
1903) suggests the appropriateness of a gen- 
eral term to designate this division of phys- 
iography or geomorphology. The term orol- 
ogy (the science of mountain chains), which 
was used with special fitness by Gilbert in 
connection with his classical studies of the 
basin ranges of the western United States, 
would appear, however, better adapted for the 
purpose than orography, for it may be pre- 
sumed that physiology, rather than physiog- 
raphy would have come into use save for the 
limitations already placed upon that term. 
Both these terms fail, however, to emphasize 
sufficiently the importance of physiographic 
development, and as indicating the respective 
provinees of the two widely different lines 
of investigation the terms epeirogenic phys- 
iography and orogenic physiography may be 
better employed. 

Studies upon which the writer has been en- 
gaged for a number of years within the 
province of southwestern New England have 
been directed toward the discovery of methods 
by which the relationships of physiographic 
lineaments to tectonic structures may be dis- 
closed. The results, when reviewed in their 
relations to the more marked physiographic 
features of the Atlantic coast region, are com- 
prised in a forthcoming monograph of the 
United States Geological Survey, and indicate 
that for a large area the earth’s physiognomy 
is the outward expression of its internal struc- 
ture. These conclusions have followed from 
extension of the pregnant generalizations of 
Professor Edouard Suess, of Vienna—gen- 
eralizations which have already borne such 
rich fruit upon the other side of the Atlantic. 
It is the writer’s belief that the exploitation 
of this frontier region of orogenic physiog- 
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raphy will afford ample returns to science, 
and that the key-note of the inquiry should 
be the more precise observation of lineamental 
orientation. 
WituuM Hersert Hoss. 
UNIVERSITY OF WISCONSIN, 
September 25, 1903. 


BOTANICAL NOTES. 
A NEW EDITION OF DETMER’S PRAKTIKUM. 


For many years botanists have been ac- 
quainted with the very useful little book on 
plant physiology prepared by Doctor Detmer, 
of the University of Jena, and intended to be 
a laboratory handbook under the title of ‘ Das 
Kleine Pflanzenphysiologische Prakticum. 
This little book has passed through a number 
of editions, and has been used widely in plant 
physiological laboratories. The present edi- 
tion, which bears date of February, 1903, is 
an enlargement and improvement of the pre- 
vious editions. It is essentially the same as 
the earlier editions and is illustrated in the 
same admirable manner. American botanists 
can not but envy the German botanists when 
it is remembered that this book of nearly three 
hundred pages is sold for a little more than 
six Marks. It should be even more largely 
used than its predecessors. 


THE ALG OF NORTHWESTERN AMERICA. 


An interesting paper entitled ‘The Alge 
of Northwestern America’ came to hand re- 
cently, as one of the University of California 
publications. It is by Professor W. A. 
Setchell and N. L. Gardner. It is an attempt 
at a rather exhaustive account of the alge 
of the northwestern coast of North America. 
It is illustrated with eleven good plates, and 
altogether is a very excellent paper. The 
bibliography appears to be quite complete. 

The two numbers of Engler’s ‘ Pflanzen- 
reich,’ which have recently made their ap- 
pearance, are devoted to the Orchidacee (in 
part) and the Eriocaulacew. The first takes 
up merely one section of the great family, 
but this is of interest to us since it includes 
the lady slippers (of the genus Cypripedium 
and related genera). The treatment is very 
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full, and can not help throwing a great 
amount of light upon this portion of the 
orchid family. Im passing it may be re- 
marked that Pfitzer, the author, insists upon 
the spelling Cypripedilum, instead of that 
which is ordinarily followed. The illustra- 
tions are excellent. The other number is by 
Ruhland, and here the treatment is very 
much like that given by Pfitzer. These suc- 
cessive numbers of Engler’s publication indi- 
cate that this is to be one of the great publi- 
cations in botanical literature. 
Cuarues E. Bessey. 
UNIVERSITY OF NEBRASKA. 





STUDIES OF THE FOOD VALUE OF FRUIT 
AT THE UNIVERSITY OF CALIFORNIA. 
AccorpinG to a bulletin of the U. S. Depart- 

ment of Agriculture Professor M. E. Jaffa 
has carried on at the University of California, 
in cooperation with the U. S. Department of 
Agriculture, a number of investigations which 
have to do with the food value of fruits and 
nuts, the special object of this and the earlier 
work which it continues being to study the 
value of such foods when they constitute an 
integral part of the diet. 

Nine dietary studies and 31 digestion ex- 
periments were made, part of them with per- 
sons who had lived for a number of years on 
a strictly fruit and nut diet, and others with 
university students who had been accustoméd 
to the ordinary fare. In the majority of the 
dietary studies and all but one of the diges- 
tion experiments fruit and nuts constituted 
all or almost all of the diet. Thus, in one 
series of tests the daily ration consisted of 
apples and bananas, alone or in combination, 
eaten with walnuts, almonds, Brazil nuts, or 
pecans. In other experiments different com- 
binations of grapes, pears, figs, walnuts, and 
other fruits and nuts were eaten with small 
quantities of milk, cereal breakfast foods, etc., 
the latter articles being taken simply to give 
a relish to the experimental dietary combina- 
tions, some of which were rather unusual. 

In connection with this work the nutritive 
value of individual fruits and nuts was 
studied and many data were collected and 
summarized regarding the composition and 
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energy value of these materials, an interest- 
ing feature of the work being a comparison, on 
a pecuniary basis, of these and some common 
foods as sources of protein and energy. In 
general, it may be said that the chief nutri- 
ents in fruit consist of sugars and other car- 
bohydrates and in nuts of protein and fat. 
In other words, while both fru‘ts and nuts 
furnish the bédy with energy, nuts furnish 
some building material (protein) as well. 
Some idea of the range may be gained from 
the fact that at ordinary retail] prices in the 
United States, 10 cents éxpended for fresh 
grapes will supply the body with about 830 
calories of energy, and in the case of dried ap- 
ples or apricots will supply about 1,200 ca- 
lories, as compared with 6,600 calories from 
10 cents’ worth of wheat flour. In the case of 
almonds this sum will supply 0.08 pound pro- 
tein and about 1,100 calories of energy, and 
in the case of peanuts 0.28 pound protein 
and about 2,800 calories, while expended for 
cheese it would provide 0.17 pound protein and 
about 1,300 calories, and for flour 0.46 pound 
protein, as well as the large amount of energy 
noted above. 

Although some of the dietaries showed that 
it is quite possible to obtain the needed pro- 
tein and energy from a fruitarian diet, the 
majority of those studied fell below the tenta- 
tive dietary standards. It is hardly just to 
ascribe this entirely to the form of diet since 
the same people might have consumed no 
larger quantities of nutrients on an ordinary 
mixed diet. The nutritive value of the fruit- 
arian diet is perhaps most clearly shown in the 
ease of one of these subjects, a university 
student, who though entirely unaccustomed to 
such fare gradually changed from an ordi- 
nary mixed diet to one of fruits and nuts with- 
out apparent loss of strength or health. He 
was then able for the eight days of the experi- 
ment to carry on his usual college duties and 
for a part of the time also performed heavy 
physical work on an exclusive fruitarian diet 
without material loss of weight. 

The cost of the fruitarian diet per person 
per day varied from 18 to 46 cents, values 
which compare favorably with those found for 
an ordinary mixed diet. 
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Although it is undoubtedly advisable to 
wait until more data have been gathered before 
making definite statements regarding the di- 
gestibility of different fruits and nuts, enough 
work has been done to show that they are quite 
thoroughly digested and have a much higher 
nutritive value than is popularly attributed 
to them. In view of this it is certainly an 
error to consider nuts merely as an accessory 
to an already heavy meal and to regard fruit 
merely as something of value for its pleasant 
flavor or for its hygienic or medicinal virtues. 

As shown by their composition and diges- 
tibility, both fruit ahd nuts can be favorably 
compared with other and more common foods. 
As sources of carbohydrates, fruits at ordinary 
prices are not expensive; and as sources of pro- 
tein and fats, nuts at usual prices are reason- 
able foods. 

In the investigations at the University of 
California the question of the wholesomeness 
of a long-continued diet of fruit and nuts is 
not taken up. The agreement of one food or 
another with any person is frequently more 
or less a matter of personal idiosyncrasy, but 
it seems fair to say that those with whom nuts 
and fruits agree can, if they desire, readily se- 
cure a considerable part of their nutritive ma- 
terial from such sources. 


SCIENTIFIC NOTES AND NEWS. 


Tue National Academy of Sciences will 
hold its autumn meeting in Chicago, begin- 
ning on November 17. 


In accordance with the pleasant custom of 
German universities, Professor E. W. Hil- 
gard of the University of California has re- 
ceived from the University of Heidelberg on 
the occasion of the fiftieth anniversary of his 
graduation as doctor of philosophy, October 
7th, a new diploma reconferring the title, 
which in addition to the previous formula, 
contains a general summary of the scientific 
work done by him, with the congratulations of 
the faculty. On the anniversary day Profess- 
or Hilgard also received a congratulatory ad- 
dress from his colleagues of the University 
of California. 
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Tue American Academy of Arts and Sci- 
ences has elected as foreign honorary members, 
Charles Emile Picard, of Paris, in place of the 
late H. A. E. A. Faye, and Joseph Larmor, 
of Cambridge, England, in place of the late 
Sir George Gabriel Stokes. 


Tue daily papers state that the scientific 
committee of the Congress of Arts and Sci- 
ences of the St. Louis Exposition, consisting 
of Dr. Simon Newcomb, Washington; Pro- 
fessor Hugo Miinsterberg, Harvard University, 
and Professor Albion W. Small, the University 
of Chicago, made its report in New York 
on October 14 to the director of congresses, 
Mr. Howard J. Rogers, and to President 
Nicholas Murray Butler, chairman of the ad- 
ministrative board. The members of the com- 
mittee were in Europe for four months, and 
of the invitations presented to leading scien- 
tific men and scholars, 114 have been accepted. 


Proressor Cart H. Ercenmann, of Indiana 
University, has gone to Cuba to continue the 
work of investigating the blind fishes of that 
island. 

Mr. G. H. Marx, assistant professor of me- 
chanical engineering at Stanford University, 
has received a year’s leave of absence which 
he will spend in Germany. 

Dr. E. D. Srarsuck, assistant professor of 
education in Stanford University, has been 
granted a year’s leave of absence, and is at 
present in England. It is said that he will 
not return to Stanford University, but will 
accept a position in the east. 


M. L. H. Umiuier, professor of physics at the 
Lyceum at Nantes, has been made director of 
the Meteorological Observatory in that city. 


Ir is stated in Nature that Mr. H. Max- 
well Lefroy, who has been appointed ento- 
mologist to the Government of India, is to be 
stationed at Surat, in the Bombay Presidency, 
pending the establishment of the permanent 
headquarters of the Imperial Agricultural De- 
partment now being organized under the 
orders of Lord Curzon. 


Me. S. I. Kuwana, M.S. (Stanford), has 


been appointed entomologist at the Central 
Agricultural Experiment Station, Nishiga- 


SCIENCE. 


(N.S. Vou. XVIIL. Ne.460, 


hara, Tokyo. Mr. Kuwana’s special studies 
have been given largely to scale insects and to 
the Coccide of Japan (No. XXVIL., Contrib. 
to Biology, Hopkins Seaside Lab., 1902). He 
has monographed the Japanese species as at 
present known. 


Cuartes V. Piper, of the Washington Col- 
lege and Station, has accepted an appointment 
as botanist in the Division of Agrostology, and 
will also have charge of the herbarium of 
grasses. 


Aurrep M. SaNncHeEz, an assistant in the Bu- 
reau of Soils, has been appointed in the Bu- 
reau of Agriculture of the Philippines, where 
he will continue the soil investigations car- 
ried on last year by C. W. Dorsey. 


Proressor ©. P. Gruetr, entomologist at 
the Agricultural College at Fort Collins, Col., 
has been appointed chief entomologist of the 
St. Louis Exposition. 


THE twenty-first congress of the American 
Ornithologists’ Union will convene in, Phila- 
delphia on Monday, November 16, at 8 P. Mm. 
The evening session will be devoted to the elec- 
tion of officers and the transaction of other 
routine business. The meetings, open to the 
public and devoted to the reading and discus- 
sion of scientific papers, will be held in the 
lecture hall of the Academy of Natural 
Sciences (Logan Square), beginning on Tues- 
day, November 17, and continuing for three 
days. Information regarding the congress can 
be had by addressing the secretary, Mr. John 
H. Sage, Portland, Conn. 


A meetING of the American Physical So- 
ciety will be held at Columbia University on 
October 31. 


Tue American Institute of Mining Engi- 
neers held its eighty-fifth meeting on October 
13 in New York City, under the presidency of 
Mr. Albert R. Ledoux. 


Tue fifth International Congress of Gyne- 
cology will be held at St. Petersburg in Sep- 
tember, 1905. 


AN international exhibition of the manufac- 
ture and industrial applications of alcohol will 
be held in Vienna in April and May, 1904. 
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Tur New York Zoological Park has received 
during the past week a consignment of ani- 
mals from Hagenbeck’s agency at Hamburg. 
The collection includes a pair of giraffes, 
valued at $15,000 and some twenty-five other 
animals. 

A PRELIMINARY statement showing the coal 
production of' the United States, prepared by 
Mr. Edward W. Parker, statistician, has just 
been issued by the United States Geological 
Survey. The statistics, though subject to 
slight revision and correction because of a 
few incomplete returns, are sufficiently correct 
to enable comparisons to be made between the 
production of 1902 and that of former years. 
For the first time in the history of the United 
States the production of coal has reached a total 
of over 300,000,000 short tons, showing an ac- 
tual output of 300,930,659 tons of 2000 pounds, 
valued at $373,133,843. Of this total, the out- 
put of anthracite coal amounted to 36,865,710 
long tons (equivalent to 41,289,595 short tons), 
which, as compared with production of 60,242,- 
560 long tons in 1901, shows a decrease of 
23,376,850 long tons, or almost 40 per cent. 
This decrease, as is well known, was due en- 
tirely to the suspension of operations by the 
strike in the anthracite region from May 10 
to October 23, a little over five months. Had 
it not been for the strike, which practically 
stopped production in the anthracite region 
for this length of time, the output for the 
year would have probably attained a total of 
over 65,000,000 long tons. The value at the 
mines of the product in 1902 amounted to 
$81,016,937, as against $112,504,020 in 1901, 
a loss of about 27 per cent. The average value 
of the marketed coal] sold during the year at 
the mines was $2.50 per long ton, the value 
in 1901 having been $2.05. The comparatively 
small amount of anthracite which was mined 
during the strike, which brought such ex- 
orbitant prices, did not have the effect on the 
total production that might have been ex- 
pected. 

In his report to the United States Geolog- 
ical Survey on the production of petroleum 
in 1902, now in press, Mr. F. H. Oliphant 
gives the following table showing approxi- 





SCIENCE. 543 


mately the production of crude petroleum in 
all the known countries of the world, together 
with the percentages of each for 1902, in terms 
of United States barrels. A small estimated 
quantity is placed under the head of ‘all 
other countries,’ included in which is the 
primitive production in several of the South 
American States, and in Algeria, Persia, the 
Philippines and China, from which no re- 
turns could be secured. The total increase 
in 1902 amounted to almost 7 per cent. as 
compared with 1901, and to almost 20 per 
cent, as compared with 1900. The most con- 
spicuous items in the list are the increase 
in the production of the United States and 
the decrease in the production of Russia, the 
result being that the output of these two 
countries reached nearly the same figures in 
1902. In 1902 the United States and Russia 
produced 91.08 per cent. of the total output, 
as compared with 93.22 per cent. in 1901 and 
with 94,11 per cent. in 1900. Of the remain- 
ing 8.92 per cent. produced by all other 
countries, Sumatra, Java, Borneo, Galicia 
and Roumania, which furnished only 4.65 
per cent. in 1901, furnished 6.82 per cent. in 
1902, leaving 2.10 per cent. of the total as the 
output of the other producing countries. 
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UNIVERSITY AND EDUCATIONAL NEWS. 

L. H. Severance, of Cleveland, has agreed 
to give $100,000 toward the fund of $1,000,000 
which it is proposed to raise as an endowment 
fer Wooster University. 

THE visiting committee having in charge 
the raising of money to build Emerson Hall 
for the Department of Philosophy at Har- 
vard University has turned over to the treas- 
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urer of Harvard College $154,000, $4,000 more 
than it was originally intended to collect. The 
committee hopes to raise the total amount to 
$200,000 before proceeding to erect the 
building. 

Tue last session of the University of Penn- 
sylvania appropriated $25,000 to equip a lab- 
oratory for X-ray research and Finsen’s light 
apparatus at the Hospital of the University 
of Pennsylvania. Dr. Henry K. Pancoast has 
charge of the work. 

Tue State University of Iowa, at Iowa City, 
has received a rather unusual but useful gift 
from Mr. and Mrs. Euclid Sanders, both 
graduates of the institution. The gift com- 
prises a grant of the Terrill mill dam on the 
Iowa River, a mile above the university 
campus, with the water power rights per- 
taining thereto, together with the deed of a 
strip of land along the east bank of the river. 
The dam will yield upwards of five hundred 
horse power. A water power plant will be 
erected, in connection with which a hydraulic 
laboratory will be equipped. It is also pro- 
posed to construct a reservoir on a neighboring 
hilltop in order to secure a considerable head 
of water for experimental purposes. A por- 
tion of the power developed will be used for 
the generation of electricity to be used in 
lighting the university buildings and in dri- 
ving machinery of the various shops and lab- 
oratories. At least one wheel berth will be re- 
served for the conduct of experiments with 
various forms of water motors, 

Owr1ne to the death of Professor Wilbur C. 
Knight, the position of professor of geology 
in the University of Wyoming is at present 
vacant and probably will not be filled for 
some months. While the salary is not large 
the advantages are great, for not more than 
ten hours a week of class work are required 
and the opportunities for research are varied. 
The university possesses the most complete 
collection of jurassic fossils in the United 
States, except Yale University, and a large 
part of this material has never been studied 
or described. Beside this the stratigraphy and 
physiography of the state remain to be studied 
as well as the petrography, which has already 
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yielded the Leucite Hills and Yellowstone 
Park. : 

Dr. Francois Linptey Patron, formerly 
president of Princeton University, was in- 
stalled as president of Princeton Theological 
Seminary on the 15th inst. 


Proressor J. E. Topp, owing to dissatisfac- 
tion with the administration of the university, 
has resigned his position as professor of geol- 
ogy and mineralogy in the University of South 
Dakota, which he has held for over eleven 
years. He consequently also ceases to be state 
geologist. 

Dr. Artour W. Smiru has been appointed 
professor of physics at the University of 
Michigan. 


Roy Trrus Wetus, Ph.D. (Clark), has been 
appointed assistant professor in charge of elec- 
trical engineering in the newly organized 
School of Applied Science of the State Uni- 
versity of Iowa, at Iowa City. A new elec- 
trical laboratory is now being equipped under 
his direction. 


Mr. Tuomas T. Reep, E.M. (Columbia), has 
recently been advanced to the position of asso- 
ciate professor of mining and metallurgy in 
the University of Wyoming, preparatory to the 
creation of a separate department of mining 
and metallurgy. 


Mr. Ropert E. Snoperass, formerly assist- 
ant professor of zoology and embryology in 
the Washington State Agricultural College, 
has been appointed instructor in entomology 
in Stanford University. 


Two important professorships are about to 
be filled at Cambridge University, that of 
physiology vacant by the resignation of Pro- 
fessor Foster and that of mechanism and ap- 
plied mechanics vacant by the resignation of 
Professor Ewing. 


Owr1ne to the appointment of Dr. Martin to 
the directorship of the Lister Institute, the 
chair of physiology is vacant at the University 
of Melbourne. 

Mr. R. C. Punnett, of Gonyille and Caius 
College, Cambridge, has been appointed dem- 
onstrator of comparative anatomy in the uni- 
versity. 

































Ropert Henry Txurston, director of Sibley College and Professor of Mechanical 
engineering at Cornell University, one of the editors of this JourNna., died at Ithaca on 


October 25, on his sixty-fourth birthday. 





